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CALYXDENDRUM GRAPTOLOIDES N. GEN., N. SP. — 
A GRAPTOLITE INTERMEDIATE BETWEEN THE DENDROIDEA 
AND THE GRAPTOLOIDEA 


iąbstract. — Specimens of the graptolite here described under the name of 
zalycadendrum graptoloides n. gen., n. sp. have been etched from erratic boulders 
pf Middle Ordovician age. This form unites certain characters of the two 
orders: Dendroidea and Graptoloidea. As in the Dendroidea the rhabdosome here 
consists of 3 categories of thecae, with triad budding, while the sicula is the 
same as in the Graptoloidea, i.e. conical and provided with a nema. 


INTRODUCTION 


Among the numerous graptolites etched out of Ordovician erratic 
ooulders in Poland some few specimens have been encountered referable 
to a form which, although having a general dendroid appearance, yet 
at the same time displays distinctly some graptoloid characters. In 
ppite of the now currently accepted view that Graptoloidea descend 
'rom Dendroidea, it has not thus far been possible to accurately trace 
all the morphological modifications expressing this important phase 
bf graptolite evolution. Forms intermediate between the orders of 
Dendroidea and Graptoloidea and which Bulman (1950) has united into 
ihe family of Anisograptidae are, so far, recorded almost exclusively 
from shales as more or less flattened specimens. ln most cases it has 
peen possible to study the outer morphology of these specimens only. 
in Dictyonema flabelliforme (Eichwald) and D. canadense Lapworth — 
assignable on equally valid grounds either to the Anisograptidae or the 
Dendrograptidae — Bulman (1949a, 1949b, 1950) has ascertained the 
presence of chitinized stolons and internal basal parts of thecae. The 
seme author (Bulman, 1950) has observed pyritized stolons in several 
species of the genus Anisograptus. Thus, the here mentioned grapto- 
lites have fundamentally the same structure as the Dendroidea, differing 
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from the typical representatives of that order in having a sicula 
provided with nema. 

The graptolite here described under the name of Calycdzeie A 
graptoloides n. gen., n. sp. likewise realizes a stage intermediate between 
the Dendroidea and the Graptoloidea. A detailed morphological analysis 
of its rhabdosome has been possible owing to the specimens having 
been etched from a limestone matrix. These specimens have been 
recovered from six boulders betweer: 1950 and 1960. A general de- 
seription of these boulders is here given specifying the fossils they 
contained. 


Boulders 0.26 and 0.31. Poznań-Czerwonak (province of Poznań). Organogenie 
coarse-grained limestone. Most of the specimens they yielded have already been 
described by Kozłowski (1959, p. 215) and Urbanek (1959, p. 298, 320). The 
following fossils have been recovered from these two boulders, probably frag- 
ments of one larger block: hydroids — Rhabdohydra tridens Kozl., Epallohydra 
adhaerens Kozl., Diplohydra gonothecata Kozl., Palaeotuba dichotoma Kozl., 
Chitinodendron bacciferum. Eisen.; trilobites — Pseudoasaphus aff. limatus Jaan.; 
graptolites — Gymnograptus retioloides (Wiman), Glyptograptus cf. teretiusculus 
(Hisinger), Calyxdendrum graptoloides n. gen., n. sp. (a fragmentary stipe with 
6 autothecae, 2 autothecae probably broken off from the preceding specimen, 
a young rhabdosome with preserved sicula (holotype), and a stipe branched 
five times). 


Boulder 0.29. Stara Warka (province of Warsaw). Coarse-grained organogenic 
limestone. It has yielded the following organisms: hydroids — Calyxchydra irre- 
gularis Kozl., Rhabdohydra tridens Kozl., Diplohydra -.solida Kozl., Diplohydra 
gonothecata Kozl., Kystodendron longicarpus (Eisen.), Chitinodendron bacciferum 
Eisen.; annelids — Polychaetaspis warkae Kozl.; graptolites — Dinemagraptus 
warkae Kozl., Tuboidea, Calyxdendrum graptoloides n. gen., n. sp. (a stipe with 
5 autothecae, a fragment with 2 autothecae, an autotheca with base of a triad, 
several detached autothecae). 


Boulder 0.166. Wyszogród-Zakroczym (province of Warsaw). Grey, medium- 


-grained limestone. It has yielded the following organisms: algae — Glaeocapso- 
morpha prisca Zalessky; hydroids — Kystodendron longicarpus (Eisen.), Chitino- 
dendron bacciferum Eisen.; scolecodonts; graptoblastids; graptolites — Calyxden- 


drum graptoloides n. gen., n. sp. (prosicula with part of metasicula). 
Boulder 0.340. Mochty (province of Warsaw). Grey, medium-grained limestone. 


It has yielded the following organisms: algae — Glaeocapsomorpha prisca Za- 
lessky; scolecodonts; Chitinozoa; brachiopods — Comotreta sp.; conodonts; grap- 
tolites — Acanthograptus sp., Caly«dendrum graptoloides n. gen., n. sp. (terminal 


part of stipe). 
Boulder 0.334. Mochty (province of Warsaw). Grey, fine-grained, dull lime- 
stone. It has yielded the following organisms: foraminifers; hydroids; Chitinozoa; 


scolecodonts; graptolites — Mastigograptus sp. (mass oceurrence), Dictyonema Sp., 
Calyxdendrum graptoloides n. gen., n. sp. (bifurcating end of stipe). 


A detailed study of all the fossil organisms recovered from the 
just mentioned boulders will probably in the future lead to.the exact 
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determination of their age. For the present they may only be referred 
to the Middle Ordovician. The age of boulders 0.26 and 0.31 has 
more closely been established by Urbanek (1959, p. 298, 320) as corres- 
ponding to the *Crassicauda” Limestone, or to the lower beds of the 
"Ludibundus” Limestone of the Middle Ordovician of Sweden. 


MATERIAL 


Calycdendrum graptoloides n. gen., n. sp. is an extremely rare 
graptolite in the Ordovician boulders of Poland. Among the many 
hundreds of dissolved boulders it has been discovered in 6 of them 
ienly. Out of these four (0.31, 0.166, 0.334 and 0.340) have yielded but 
'one small fragment each, while three only (0.26, 0.29 and 0.31) contain- 
(ed several more or less fragmentary specimens. No complete rhabdo- 
'some has thus far been discovered. The largest fragment (from boulder 
(6.31) represents a stipe with 5 bifurcations, containing 9 preserved 
.autothecae. Besides more or less fragmentary parts of the rhabdosome, 
«a sicula has been found with the basal part of the metasicula, also 
«a sicula with the stolotheca So, and a young rhabdosome with sicula 
and autothecae ai, a» and az. Most of the specimens are not flattened 
and, on the whole, not much deformed. Fragments representing the 
terminal parts of stipes show hardly any secondary thickening of walls 
and after bleaching become completely transparent, thus permitting 
a detailed analysis of their fusellar structure and of the mutual thecal 
relations. Since the autothecae are very characteristically shaped the 
assignment of the various fragments to this species does not present 
ny difficulties. Two detached siculae have, likewise, quite certainly 
been referred to this species, their shape approaching that of autothecae, 
oreover, they do not differ from the sicula in the specimen repre- 
enting a young rhabdosome. 


DESCRIPTION 


Genus Calycdendrum nov. 
Calycdendrum graptoloides n.sp. 


(fig. 1-11) 


Diagnosis. — Rhabdosome dendroid, in shape approaching Den- 
drograptus. Frequent bifurcation of stipes. Sicula conical, provided with 
a thick nema. Autothecae conical, non-isolated, with ventral lip bearing 
a short linguiform process, hyperbolic in outline. Bithecae opening 
ino the interior of autothecae. 
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Holotype — fig. 3. 

Remarks. — Since the genus Calyxdendrum is for the time being 
monotypic, the just given diagnosis holds for the species as well. As 
exclusively specific characters may probably be considered the shape 


of autothecae, the relation of bithecae to autothecae and the bifurcation 


frequency. The genus Calycdendrum may formally be referred to the 
family Anisograptidae, by Bulman (1950) estąblished to include genera 
which have a dendroid structure of stipes and carry a sicula provided 
with nema. In Calyxdendrum the sicula of a broadly conical shape 
differs both from the sicula of Dendroidea which is subcylindrical, and 
from the typical sicula of Graptoloidea which is in the shape of a nar- 
row cone. Among the hundreds of graptoloid siculae etched from Ordo- 
vician erratic boulders, that of Calyxdendrum is distinguishable at first 
sight on its shape. Calyxdendrum graptoloides may not be identified 
with any of the so far described representative of the Dendroidea or 
the Graptoloidea known to the present writer. 


Sicula 
(fig. 1-3) 


Out of the three collected specimens of the sicula, one (4) repre- 
sents the prosicula with about two thirds of the metasicula, the second 
(B) represents the prosicula with nearly completely developed meta- 
sicula, but partly flattened and with damaged apertural margin, while 
the third specimen (C) is a sicula forming part of a young rhabdosome. 

The sicula is shaped like a conical calyx, with the apical angle of 
35”, length equal to about 0.5 mm and a broadly open aperture. Length 
of prosicula without the nema is about 0,12 mm. In the strongly 
bleached and transparent specimen 4 (fig. 1) we may distinguish in the 
distal part of the prosicula about 6 coils of the helical line, spaced 
approx. 8u. The proximal portion is strongly thickened, non-transparent 
so that the helical line is there not discernible. The prosicula lacks the 
longitudinal fibers. Nema extremely thick, much thicker than is the 
rule in Graptoloidea. It constitutes the direct extension of the apex 
of prosicula. Its proximal part only is preserved in the 3 available 
specimens. This is a solid rod, without an axial canal and displaying 
a distinetly fibroid structure. In specimen C (fig. 3) the nema is hooked, 
this being probably a primary feature. In specimen A the boundary 
between the prosicula and the metasicula is very distinct since the 
prosicula wall viewed in transmitted light is notably darker than the 
wall of the metasicula. The metasicula is made up of narrow fuselli, 
with an average width of 10u. As a rule the length of fuselli is half 
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the circumference of the metasicula. The fuselli are interlocked by 


oblique sutures which are not, however, arranged in a distinctly zigzag 
line. Nevertheless they are fairly conspicuously grouped on the two 
opposite walls of the metasicula, probably representing the ventral and 
dorsal sides. The apertural margin of the metasicula is damaged both 
in specimens B and C, but did not supposedly differ from that margin 
in autothecae. 


Mode of budding 
(fig. 1-5) 


The porus and stolotheca So are still lacking in specimen 4 of the 


sicula (fig. 1) whose metasicula is but partly developed. On specimen B 


(fig. 2) stolotheca So is already developed. It is badly preserved, with 
walls strongly corrugated. The porus seems to pierce its way through 
the wall of the prosicula, next to its boundary with the metasicula. The 
diameter of the porus is about 30h. Since the peristome of sicula in 
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Fig. 3— Young rhabdosome (specimen C) showing bifurcation and bpreser 
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sicula (st); holotype. A; apertural view, A> anti-apertural view, slightly scheme 
stolothecae dotted (boulder 0.26). 
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'specimen B is damaged, it cannot be quite surely ascertained whether 
the porus pierces its way on the ventral wall, as is the common rule 
,among Dendroidea and Graptoloidea, or on the dorsal wall. In specimen 
IC it occurs on the dprsal side. ; 


05mm 


"ig. 4-— Fragment of rhabdosome showing several bifurcations: 4 apertural view, 
Aeg anti-apertural view, slightly schematic; stolothecae dotted (boulder 0.26). 


In specimen B the stolotheca So creeps over the wall of the sicula, 
zsxpanding considerably towards the aperture. It does not bear yet any 
races of the budding triad. Neither can any traces of the internal sto- 
otheca Sy be discerned in the interior of the prosicula across its well 
ransparent walls. 

In specimen C (fig. 3) stolotheca So, creeping over the dorsal wall 
bf the sicula, produces the first normal triad (sy a, b1). Triad II like- 
wise consists of three categories of thecae (b2 aa s2). Triad III, however, 
s composed of two stolothecae and an autotheca (sz a3 ss). Here i.e. 


| 
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after triad IJI the rhabdosome initiates its first bifurcation. The subse- 
quent budding of triads occurs normally, according to Wiman's rule | 
(Kozłowski, 1948, p. 17). Stolothecae (fig. 4) which initiate bifurcation | 
triads (s a s) are always shorter than those producing normal triads | 
(s a b). The stolotheca is as a rule somewhat constricted at the point | 
of budding of a normal triad (fig. 5). | 
No chitinized stolon has been ascertained in strongly bleached and | 
well transparent stolothecae. They | 
also lack the basal internal | 
thecal portions characteristic of | 
dendroid triads. It cannot, how- 
ever, be quite reliably asserted | 
that the stolon and the basal por- 
tions of thecae had not been sub- 
jected to chitinization, as is the | 
case in Graptoloidea, or if they 
had been destroyed during fossi- 
lization. The latter alternative is | 
not altogether impossible since 
these extremely fragile parts are 
not frequently preserved in ty- 
pical dendroid rhabdosomes too. 


Autothecae 
(fig. 6) 
Pig 5 Pomiof dspecim=h <howe | surowo are very character=" | 
ing budding of a triad from sto- istically shaped like a calyx with | 


lotheca (boulder 0,31). walls diverging at an acute angle | 


(20-257). The aperture corresponds 
to the greatest diameter of theca. It is broadly ovate, ventrally narrow-= | 
ing (fig. 6 As). The ventral margin is medially provided with a broad | 
but short linguiform process hyperbolic in outline. A more or less 
marked notch occurs on either side of the process. The dorsal wall of 
autotheca is in close contact with the stipe of the rhabdosome and the 
dorsal part of the peristome is usually not indicated at all. The ventral | 
wall of theca has a normal fusellar structure with a regular zigzag | 
suture. The passage of stolotheca into the autotheca is very gradual and 
they are not sharply delimited. The fuselli of the stolotheca are, A 
however, less regular and more closely spaced than those of the auto- 3 
theca. They do not produce a zigzag line which will be formed gradu- 
ally during the passage of the stolotheca into the autotheca, i.e. not 
before thecae s and b have been budded. s 
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fig. 6,— Autotheca: A, ventral view, A» lateral view, Ag outline of aperture 
(boulder 0.29). 


Bithecae and stolothecae 
(fig. 7-11) 


Bithecal apertures are not discernible exteriorly since, as a rule, 
hey open into the interior of autothecae. Nearer to the end of the 
habdosome stipes it is possible to observe that the bitheca first opens 
utwards, later bends so that its aperture is directed towards the 
terior of the autotheca (fig. 7). Subsequently the fuselli produced 
long the apertural margin of the autotheca are superposed higher and 
iigher above the bithecal aperture. Moreover, a sort of „visor” is 
e:med above the bithecal aperture consisting of very closely spaced 
md irregular fusellar bands (fig. 8). On the preserved terminal stipe 
ads, bithecae and stolothecae are seen to open outwards. In this stage 
„is not always possible to distinguish the bithecae from the stolothe- 
ia:. Bitheca bi, accompanying the sicula in specimen C (fig. 3), opens 
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outwards. Exceptionally the aperture of some next bithecae remains 


definitely opened outwards. The resulting structure suggests that, in 
this case, owing to delayed growth of bitheca as compared with that | 


of the autotheca, the former might possibly not have been included 


into the autothecal aperture and, hence, remained underdeveloped. 


025mm 
i — 


04mm 


Fig. 7.— Autotheca a» from spe- 

cimen in fig. 10 showing bithecal 

aperture (bs) at early stage 
(boulder 0.340). 


Fig. 8.— Bithecal aperture into 
the interior of autotheca, at an 
advanced stage; wv  visor-like 
brim of bitheca (boulder 0.29). 


In one specimen, representing the bifurcated terminal end of the stipe | 
(fig. 9) both the bitheca and stolotheca are underdeveloped. Bitheca - 
(bs) opens outwards much below the autothecal aperture with which 
it ought to have been fused, while the stolotheca (s4) seems to be 3 


vestigial, extremely short, exceptionally thin-walled. In the same 
specimen the penultimate triad consists of a normally developed auto- 
theca (as) and stolotheca (sz), while the third theca is vestigial. The 


latter, most probably, corresponds to stolotheca (s3) and not to the - 


bitheca, since the just mentioned triad is a bifurcating one. Probably, 
the two stipes of this bifurcated specimen were no longer capable of 


further growth. Another specimen (fig. 10) of the terminal part of the 
stipe ends up with a triad consisting of a normal autotheca (as) and 


a normal bitheca (bs) opening into the autotheca of the preceding 
generation, while the stolotheca (ss) is an unusual one. It is normally 


developed but does not produce a triad. A constriction is observable 


(x-x) where thecae są and b4 should have budded but failed to do so. 


Only the autotheca (a4) developed in continuation of this stolotheca. 


m. 


In this case further growth of the stipe was made impossible. 


| 
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Though the size and shape of the whole rhabdosome of Calyxcden- 
drum are not known, the largest available fragment (fig. 11) suggests | 
that the rhabdosome was distinguished by frequent bifurcation of stipes. 
As many as 5 bifurcations have been noted on one specimen, in direct 
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Fig. 11. — Largest collected rhabdosome frag- 
ment (boulder 0.31). 


Fig. 10.— Anti-apertural view of the terminal 
part of a stipe. Terminal stolotheca (s3) lacking 
bithecal and stolothecal buds in spite of pre- 


"A Z 


a, SE WZ sence of characteristic constriction (x-x) where . 
ZE 8 the buds ought to have been produced (boulder 
t- ! 

0.340). 
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GENERAL REMARKS 


The here described graptolite is an interesting form since in it are 
|linked some characters of two orders: Dendroidea and Graptoloidea. 
It throws some light on the mode of realization of the structural pat- 
tern characterizing the latter order from that common in the former. 
(Calycdendrum graptoloides n.gen., n.sp. displays the following features 
(characteristic of dendroids: 1) triad budding according to Wiman's rule, 
2) presence of bithecae, 3) presence of distinetly differentiated stolothe- 


cae, 4) uniformity of shape and size of autothecae throughout the rhab- 
dosome length. 


The graptoloid characters displayed by our form are: 1) conical 


ksicula provided with a nema, 2) probable lack of chitinized stolons and 
basal parts of thecae. 


The most important feature of our form in which it differs from 
typical dendroids is the presence of a graptoloid sicula, i.e. conical and 
provided with a nema. Even though this nema — at least in the 
preserved proximal part — is thicker than it is commonly observable 
fin siculae of Graptoloidea, still it is an organ, fundamentally differing 
fin its morphology and function from the basal disc in the sicula of 
.Dendroidea. The replacement of the basal disc by the nema was pro- 
ibably connected with a radical change of mode of life of the graptolite 
eolony. The morphology of the rhabdosome in Dendroidea suggests 
jthat colonies of this type were adapted to a sessile benthonice life, 
similarly as the dendroid colonies of bryozoans, and their thecal aper- 
tures were directed upwards. On the other hand, for rhabdosomes 
provided with a nema one can hardly imagine another attitude than 
that of being suspended on the nema and turned downwards. Indeed all 
the graptolitologists agree that this type of rhabdosome structure implies 
a planktonic mode of life. The history of graptolites indicates that the 
aequisition by certain dendroids of the conical sicula with a nema was 
a modification which had a decisive bearing upon their further evo- 
Lution. 

Our knowledge of the morphology of forms intergrading from 
Dendroidea to Graptoloidea is not sufficient to permit the clearing up 
of that important problem as to the mode of transition from the 
rylindrical dendroid sicula to the conical graptoloid type. This trans- 
'ormation must have taken place during the larval stage corresponding 
'o the prosicula. Were intermediate stages realized between these two 
vpes of the sicula? Up to date observations have not provided a defi- 
mie reply to that question. Rhabdosomes of intermediate forms between 
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Dendroidea and Graptoloidea are nearly all known from flattened spe- 
cimens which are not suitable for an adequate examination of the 
shape and structure of sicula. It is, however, rather probable that the 
transition of the sicula from the dendroid to the graptoloid type occur- 
red rapidly, inasmuch that this transformation was connected with 
a radical change of environment of graptolite colonies. 

On the other hand, it is hardly probable that this was a unique 
phenomenon during the evolution of the dendroid group. The grapto- 
loid sicula has been recorded within the genus Dictyonema as early 
as the Lower Tremadocian. The form here described is suggestive of the 
independent origin of a sicula of this type within the genus Dendro- 
graptus too, to which Calyxadendrum closely approaches. The deve- 
lopment of a graptoloid sicula within this line must have been realized — 
much later than in the line of Dictyonema, since our form comes from 
the Middle Ordovician. The thecal morphology and the type of sicula of 
Calyxdendrum does not indicate a closer genetic relationship of that 
genus with Tremadocian representatives of the genus Dictyonema. The 
sicula provided with a nema was an adaptive improvement for the 
benefit not so much oi the larva as of the colony. Hence this was 
a kind of prospective adaptation which did not affect the evolution of 
the whole colony until later on. 


Another character, besides the sicula, in which Calyxdendrum dif- 
fered from typical dendroids, is the probable lack in its stolothecae | 
both of a chitinized stolon and of the basal internal parts of theca. In 
Dictyonema flabelliforme (Eichwald), D. canadense Lapworth and pro- 
bably in most of the anisograptids the chitinized stolon and the inter- 
nal bases of thecae were still present, as is the case in typical den- 
droids. If future studies based on more ample material than that 
available to the present writer would ascertain that Calyxdendrum 
lacked the chitinized stolons, it will suggest that in this respect its 
evolution had been more advanced towards the graptoloid type than 


that in the above mentioned Tremadocian graptolites with a grapto- 
loid sicula. 


The mode in which individuals producing bithecae were eliminated 
from a graptolite colony is another important problem that has not so far 
been cleared up. Stages distinctly intermediate between forms with nor- 
mally developed bithecae and those lacking them completely are 
unknown. Thus far observations are obviously in support of Bulman's 
opinion (1950, p. 68) claiming that bithecae were eliminated indepen- 


dently in the particular lineages conducing from the Dendroidea to 
the Graptoloidea. 
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The frequently noted process of opening of the bithecal aperture 
in the interior of autotheca may perhaps express a tendency for the 
elimination of bithecae. This is observable among many species belong- 
ing to various dendroid genera and referable to various stages of the 
 Ordovician. In Calyxdendrum all bithecae, the first (bi) excepted, open 
normally into the interior of autothecae. A visor-like brim is formed 
,above the bithecal aperture in older autothecae which emphasizes the 
tendency for the isolation of the bithecal individual from external 
environment and its consequent closer union with the autothecal zooid. 
„ln certain cases when the bithecal aperture retarded its union with 
the autotheca the bitheca remains like underdeveloped. Exceptionally, 
as has been observed in Dictyonema longilingue Kozl. (Kozłowski, 1948, 
p. 127, fig. 31 E) from the Tremadocian, two bithecae, belonging to two 
aifferent generations, may open up into the interior of the same auto- 
theca. 

In what the stolothecae of Dendroidea are concerned it is quite 
doubtless that their equivalents in Graptoloidea are the so-called pro- 
thecae. In Dichograptidae the protheca retains some degree of inde- 
pendence in relation to the metatheca developing as its prolongation 
(Kozłowski, 1954, fig. 7 and 80). In diplograptids and monograptids, 
however, the boundary between these segments is not sharp. 

In Dendrograptidae the stolotheca buds on the side of the preceding 
sstolotheca, symmetrically to the bitheca. At first its position in relation 
/to the autotheca of the same generation is asymmetric. Later on, how- 
ever, it is shifted to the centre of the dorsal autothecal wall to 
occupy the position of the protheca in Graptoloidea. In relation to the 
stolotheca of Dendroidea, the protheca in Graptoloidea is very much 
'shorter. 

If specimens suitable for etching are collected, it may be hoped 
that investigations on the representatives of Anisograptidae will clarify 
the processes leading from forms provided with bithecae and typical 
stolothecae, to those lacking bithecae and in which stolothecae have 
)boeen transformed in prothecae. 

So far observations indicate that the evolution of various characters 
in the passage from the Dendroidea to the Graptoloidea was realized 
at different rates. In Dictyonema flabelliforme and similar species the 
'graptoloid type of sicula occurs already in the Lower Tremadocian 
wenen the other characters of these forms, i.e. the presence of bithecae, 
» chitinized stolons and chitinized basal portions of thecae are still at 
tfe dendroid stage. In Calyxdendrum, the rhabdosome is typically den- 
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droid, whereas the sicula is graptoloid and it is not impossible that 
the stolon here had already lost its chitinous sheath, as is the case in 
Graptoloidea. 


Palaeozoological Laboratory 

of the Polish Academy of Sciences 
and of Warsaw University 
Warszawa, January 1960 
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CALYXDENDRUM GRAPTOLOIDES N.GEN., N.SP. — GRAPTOLIT POŚREDNI 
MIĘDZY DENDROIDEA I GRAPTOLOIDEA 


Streszczenie 


Podano opis nowego graptolita, Calyxdendrum graptoloides n.gen., n.sp., pod 
pewnymi względami pośredniego między przedstawicielami rzędów Dendroidea 
i Graptoloidea. Okazy tej formy, dość fragmentaryczne, lecz na ogół dobrze zacho- 
wane, wypreparowano z sześciu wapiennych głazów narzutowych wieku środkowo- 
ordowickiego, zebranych w latach 1950-1960 w różnych miejscowościach Polski 
(vide p. 108 tekstu angielskiego). 
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Calycdendrum graptoloides n.gen., n.sp. cechuje się, jak typowe Dendroidea, 
pączkowaniem odbywającym się triadami według reguły Wimana i normalnie wy- 
kształconymi autotekami, bitekami i stolotekami. Sikula jego natomiast jest typu 
graptoloidowego, tj. stozkowata i opatrzona nemą. Część prosikularna ma zazna- 
czoną linię helikoidalną, a część metasikularna odznacza się nieregularnym ułoże- 
niem fuzellusów, bez wyraźnie ukształtowanych linii zygzakowatych. Porus otwiera 
się zapewne w ścianie prosikuli, lecz tuż przy jej granicy z metasikulą. W stolo- 
 tekach nie stwierdzono obecności schitynizowanych stolonów i podstaw tek. Jeżeli 
brak tych części nie jest wynikiem stanu fosylizacji, należałoby przyjąć, że pod 
tym względem opisana forma realizuje stadium graptoloidowe. Ujścia bitek, prócz 
| pierwszej (b1), otwierają się do wnętrza autotek i w stadium dojrzałym odgrodzone 
| są od zewnątrz rodzajem daszka. 


Zastąpienie sikuli typu dendroidowego, tj. subcylindrycznej i opatrzonej dys- 
|kiem bazalnym, przez sikulę typu graptoloidowego, stożkowatą, zakończoną nemą, 
| było niewątpliwie udoskonaleniem przystosowawczym przy przejściu od trybu życia 
|bentonicznego do planktonicznego. Przeobrażenie to musiało nastąpić w stadium 
]larwalnym, któremu odpowiada prosikula. Formy pośrednie między tymi dwoma 
(typami sikuli nie są znane. Przejście od jednego do drugiego odbyło się zapewne 
jw szybkim tempie, tym bardziej że było związane z radykalną zmianą trybu życia 
| kolonii graptolitowej. Zmiana ta wywarła następnie decydujący wpływ na dalszą 
(«ewolucję graptolitów. 

Sikula graptoloidowa powstała według wszelkiego prawdopodobieństwa nieza- 
lleżnie w kilku liniach ewolucyjnych Dendroidea i w różnych momentach okresu 
ordowickiego. W obrębie rodzaju Dictyonema miało to miejsce w tremadoku, 
a w obrębie rodzaju Dendrograptus — od którego wywodzi się przypuszczalnie 
( Calycdendrum — w oOrdowiku środkowym. 

Nie wyjaśniony pozostaje nadal proces, drogą którego wyeliminowane zostały 
biteki w szczepach wiodących od Dendroidea do Graptoloidea. 


OBJAŚNIENIA DO ILUSTRACJI 


Fig. 1 (p. 111) 
Sikula (okaz A) z niekompletnie jeszcze rozwiniętą metasikulą: A; od strony 
|lateralnej, Az od strony wentralnej (dorsalnej?), Linią przerywaną zaznaczono 
część, która uległa zniszczeniu po wykonaniu rysunku An; «x-x zaznacza granicę 
hmiędzy prosikulą a metasikulą (głaz 0.166). > 


Big 2u(p. LU) 
Sikula (okaz B) z całkowicie rozwiniętą metasikulą i ze stoloteką S„. Okaz 
iznacznie spłaszczony i uszkodzony. Linią przerywaną oznaczono przypuszczalną 
granicę prosikuli i metasikuli (głaz 0.29). 


Fig. 3 (p. 112) 
Młody rabdozom (okaz C), rozwidlony, z zachowaną sikulą (st); holotyp. A; od 
strony aperturalnej, A» od strony antyaperturalnej, nieco schematycznie; stoloteki 
zskropkowane (głaz 0.26). 
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Fig. 4 (p. 113) 
Fragment rabdozomu, parokrotnie rozwidlony: 41 od strony aperturalnej, A2 od 
strony antyaperturalnej, nieco schematycznie; stoloteki zakropkowane (głaz 0.26). 


Fig. 5 (p. 114) 
Część okazu ilustrująca pączkowanie triady ze stoloteki (głaz 0.31). 


Fig. 6 (p. 115) 
Autoteka: A; od strony wentralnej, A2 z profilu, A3 zarys apertury (głaz 0,29). 


Bie. (p. 16) 
Autoteka a» okazu fig. 10, z widocznym ujściem biteki bs, w stadium mało 
zaawansowanym (głaz 0.340). 


Fig. 8 (p. 116) 
Ujście biteki do wnętrza autoteki, w stadium zaawansowanym; v daszkowaty 
brzeg biteki (głaz 0.29). 


Fig. 9 (p. 117) 
Rozwidlone zakończenie gałązki, widziane w trzech pozycjach; stoloteki za- 
kropkowane (głaz 0.334). 


Fig. 10 (p. 118) 
Zakończenie gałązki od strony antyaperturalnej. Końcowa stoloteka (s3) pozba- 
wiona pączków biteki i stoloteki, pomimo charakterystycznego przewężenia («x-x) 
w miejscu, gdzie powinny się one były pojawić (głaz 0.340). 


Fig. 11 (p. 118) 
Największy znaleziony fragment rabdozomu (głaz 0,31). 


POMAH KOS3JIOBCKMA 


CALYXDENDRUM GRAPTOLOIDES N. GEN., N. SP. — IIPOMEXYTOUHBIM 
TPANTOJMT MEXNY DENDROIDEA M GRAPTOLOIDEA 


Pestroxe 


B paóoTe qaHo ormMcaAMe HOBOro rpanronura — Calyxdendrum graptoloides 
n. gen. n. sp. ABJIAIOINeTocA B HeKOTOpBIX OTHOLIEHMAX IMpoMexxyTOUHOŃ chopMojń 
MexNMy IIpeq4CTAaBUTEJIAMU OTpAĄOB Dendroidea m Graptoloidea. Oó6paznbr s7o0ii 
PopMBI Ą40BOJILHO (hparMeHTapHblI, Ho B o6rqiemM xopouiefń COXPAaHHOCTAU, OTIperapH- 
DPOBAHBI M3 IIECTA BAJIYHOB OPNOBUKCKOTO MU3BECTHAKA, COÓpAaHHbIX B roxax 1950— 
1960, B pa3HbIlx MEeCTHOCTAX IIOJNBINNU. 

Calyxdendrum graptoloides n. gen., n. Sp. OTJIMHAaeTCA, TAKIKO KAK MU TUNMUHBIE 
Dendroidea, roukoBaHmemM UpOHCXONAINUM TPHAĄAMM, COTJIACHO MpaBuly BuMaHa, 
M HODMAJIPHO PpA3BHTBIMM ABTOTEKAMM, OWMTEKAMM M CTOJIOTEKAMU. OĄHAKO cuKyJla 


TPauTOJIOMNHOTO THIIA — KOHYCOOÓpa3Had u CHaO>XeHHaa HeMOJi. Ha IIPOCMKYJIADPHOŃ 
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GAaCTHU BANNA TENUKONNHAA JMHMA, A HUACTE METACHKYJIAPHAA OTIMUAETCA HeperyJAp- 
HBIM PACHoJo>KeHMeM Ccby3EJJIYCOB Ó€3 OTUETNUBOA 3ur3aroo0pasHoń JnmHun. Ilopyc 
OTEPBIEACTCA IIOBUNAMOMY B CTEHKe HPOCHKYJBI, HO BO3JIe ee TPAHMIĄBI C MeTacnky- 
 qoii. B cTornorekax He HańiqeHO XUTUHMZOBAHHBIX CTOJJIOHOB M OCHOBAaHui Tek 
Kcimi OTcyTeTBne STUX UaCTeŃH He ABIAETCA CJIEĄCTBHEM OCOÓEHHOCTH (POCCHJIMZAHNUM, 
TaK Haq0O NOJATATb, HTO B STOM OTHOLIEHMM ONUCAHHAA CbopMa OCYLIECTBIAET ITpan- 
TOJIONĄHYIO CTAĄUKO. YCTEA ÓMTEK, KpoMe nrepBoń (bi), OTKPBIBaroTca BHYTDpb aBTO- 
"rek M Ha 3peJOMl CTAĄMM OTTPAHMUEHBI CHapyzKU CBOeOÓpa3HOJ1 KDPBILIEUKOAŃ. 
3aM€euieHne CUKYJAbI HEHĄPOMĄHOTO Tura, T. e. Cy6HNUNUHNPHU1ECKOŃ M CHaOzKEH- 


| AOń Oa3AJILHEIM ĄMUCKOM, CHKyJIOŃ TPANTOJOMNHOTO TUINAa, KOHyCOOÓpa3HOŃi, OKOHHEH- 


m o 


|EOM HeMOi, Obiio 6e3 COMHEHMA HDPMCIHOCOÓUTENBHBIM YCOBEePLIeHCTBOBAHUEM IIpM 
irepexojqe OT OeHTOHHOTO K HIIAHKTOHHOMy o6pasy zku3Hu. Oro rpeoópasoBanne 
|MOJIZKHO OBIIO COBEDIUMTECA Ha NIMUMHOUHOJA CTaNUM, KOTOPOA COOTBETCTBYET rIpo- 
(eumkKyJia. IIpoMezXyTOUHBIE CDOPMBI MezżEJJy STUMM JĄ|BYMA TUNAMM CUKYJI He U3BECTHbr. 
Iliepexoq or oxAHOro K APYTOMy Hpou3OLIEJ BEPOATHO OUCHb ÓbICTpO, TEM OoJree, uro 
(OBII CBABAH C pE3KHM MUBMEHCHMEM o6pa3a 2KM3HU KOJIOHMM TPANTOJUTOB. MU3MEHeE- 
! Hm€ 3To pELarolie NOBJMAJO Ha qaJIbHejńiinii XOĄ 3BOJIOLNMM TParnToJATOB. 

TpanToounHaa CUKYJAa BO3HMKIIA INO BCEJi BEpOATHOCTM HEe3ABHUCHMO B He- 
CKOJIBKAX S9BOJIILIIOHHBIX JIMHMAX 1eH1pouqeń M B pa3HBIX MOMEHTaX OPĄOBUK- 
(cKoro repmoxqa. B npeqerax poqa Dictyonema upou3OLIIO 3T0 B TpeManqoKe, a y 
poqa Dendrograptus, m3 KOTOpoTo BeqeT HOBUĄUMOMY CBOłO POHXOCJIOBHYKO Calyz- 
denrrum, B Ccpe4HeM OPĄOBNKE. 

He pa3baAcHeHHBIM OCTA€TCA HpoLeCC, KOTODPBII IpUBEJI K KCHC3HOBEHMIO OMTEK 
|B JIMHMAX BENYLIMX OT Dendroidea K Graptoloidea. 


| -£ 
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ADAM URBANEK OSAJĘ GS: A 


AN ATTEMPT AT BIOLOGICAL INTERPRETATION 
OF EVOLUTIONARY CHANGES IN GRAPTOLITE COLONIES 


Bo stract. — Problems of morphological organization in graptolite colonies are 
discussed and suggestions made as to the supposed genetic mechanisms of their 
£evolution. The regular astogenetic succession of thecae is interpreted as an effect 
oi morphophysiological gradients, The spreading of new thecal types in forms 
constituting successive evolutionary stages of a lineage are believed to be mani- 
festations of the penetrance and expressivity of respective genetic factors. 


I. INTRODUCTION 


The attractiveness of graptolite studies seems to have been constantly 
increasing for some years past. Very probably this is due in a great 
easure to the publication of Kozłowski's excellent monograph (1948) 
jestablishing the systematic position of graptolites. This work is un- 
idoubtedly an important step towards the full grasping of the nature of 
;graptolite colonies. Kozłowski's work completely re-orientated our views 
land is highly stimulating for further researches in that direction. 

At present, the central problem for understanding graptolite evolution 
is the problem of organization of their colonies and the supposed me- 
chanisms of their genetic changes. Thus far no publication has appeared 
Idealing more at large with the above mentioned problems. The majority 
bf papers so far published deal with more partial problems only, most 
particularly the morphological analysis of the various forms and their 
btratigraphic distribution. Hence, an attempt to utilize the assembled 
evidence in order to reveal broader aspects of the evolution of that 
group does not seem to be precocious. 

The attempt here made to interpret the evolutionary processes in 
<raptolite colonies is based not on palaeontologicai evidence only, but 
|isewise on ascertained data and theories from (he field of physiology, 
zrperimental embryology, and most particularly that of genetics. The 
iwriters intention was to analyse the development and evolution of 
Biaptolite colonies in order to determine some more general laws 
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governing these processes. It has become apparent that these laws may 
be described in well known biological terms and concepts, and thus 
contribute to their explanation. The examination of fossil material from 
this aspect will in turn throw some light on a number of important 


questions linked with the genetic mechanism of evolution. The genetic 


method introduced into palaeontological studies in so excellent a man- 
ner by Simpson (1944, 1953) opens up new horizons for research work, 
and its use will prove of advantage in the study of numerous problems 
waiting to be solved by palaeontologists. 

Unfortunately, the material available to the writer, as well as 


evidence thus far assembled by other graptolitologists, is not adequate ś 


enough for a description of the evolutionary processes in terms of popu- 
lation genetics. Our imperfect knowledge of the condition of environment 


in which graptolites lived and of environmental changes during the | 
evolution of particular graptolite lineages, as well as our incomplete and 3 
merely hypothetical comprehension of the functional significance of the 3 
changing structures — all hamper an analysis of the selective and - 


ecological mechanisms of these processes. Moreover, possibilities for 
interpretation are markedly restricted by lack of data concerning the 


most fundamental biological properties of graptolites, e.g. mode of 


their reproduction (self- or cross-fertilization?). However, it has been 


shown that the analysis of some of the better known processes from 


the aspect of physiological genetics and phenogenetics, as well as a com- 


parison with the known morphogenetical regularities in living organisms, _ 


may lead to interesting inferences. Though this approach to the investi- 


gation of fossil materials is not perfectly new (comp. Swinnerton, 1932), 
still it represents a certain novelty in palaeontological literature, and the - 
use of it has not thus far been adequate. In future, these investigations — 


will, perhaps, be supplemented by the quantitative analysis, but even 
the present results seem distinctly interesting. The views just considered 


may naturally be regarded as a working hypothesis only and they will 


be subject to certain modifications in consequence of further studies. 
The writer ventures to hope, however, that they will constitute a base 
for further discussion on this interesting problem. 

It is a pleasant duty of the writer to express his most sincere thanks 


to Professor Roman Kozłowski, Head of the Palaeozoological Institutes 


of the Polish Academy of Sciences and of the Warsaw University, for 
the kind interest and most valuable suggestions offered throughout the 


preparation of the present paper, also for reading the text and for most 


helpful critical comments. 


Similar thanks are due to Professor W. Gajewski, Head of the 
Laboratory of Genetics at the Warsaw University, for the helpful cri- a 
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The writer desires to thank Professor K. Petrusewicz, Head of the 
Laboratory of Evolutionism at the Warsaw University, for the well 
founded critical comments and suggeslions on some important questions. 

To his Warsaw colleagues, the biologists Mr B. Matuszewski and 
Mr L. Kuźnicki, acknowledgements are due for critically reading the 
manuscript and for help in obtaining the necessary biological literature. 
„The writer also thanks Mrs J. Humnicka for the English translation of 
tne Polish text. 

All these persons have their share in contributing to improve the 
present paper, but the writer alone is responsible for any incorrect 
stątements or errors that it may contain. 


II. THE PRESENT STATUS OF THE PROBLEM AND THE 
PALAEONTOLOGICAL EVIDENCE 


Evolution of animal colonies is one of the most interesting biological 
henomena. The complex interrelations in the development of particular 
individuals in a colony (oozooid ontogeny, thecal blastogeny), development 

f the whole colony (astogeny i.e. cormogeny, also lateral branching 
ie. cladogeny) and the phylogenetic changes of astogeny (evolution of 
the colonies) — give a good clue into the mutual interdependence of 
these processes. Unfortunately, neither the morphology nor the genetics 
of colonial animals have been adequately investigated. An exception 
iere is the excellent study of Beklemiśev (1950), concerning the colo- 
aies of Bilateralia. 

Graptolite evolution is one of the most striking examples of the 
evolution of colonial organisms. As compared with colonies of Ptero- 
oranchia which most probably come closest to them, graptolite colonies 
are distinguished by far greater degree of integration expressed by 
a definite structural pattern. 

Comparison of graptolite colonies on a wider background of higher 
'nvertebrates shows that various stages of colonialism and the various 
'tages in development of physiological relations between individuals may 
oe there encountered (Beklemiżev, 1950). Among pterobranchians, allied 
e graptolites; Atubaria is supposedly the only one really solitary 
ryanism which does not produce any swarm-like assemblages, common 
e numerous Cephalodiscidae (Sato, 1936). It is just from such forms that 
"tner forms might arise with a tendency to progressive colonialism. The 
6rmation of the clone itself — a group of individuals formed by asexual 
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reproduction from one parental individual, the founder of the clone — 
may be regarded as the most primitive stage of that process. That 
parental individual is usually a corresponding oozooid. The formation 
of the clone itself most likely constitutes the indispensable base for 
the development of more advanced colonialism. Moreover, in certain 
cases, the originating clone forms a short lived assemblage. This for 


some time surrounds the parental zooid, to be subsequently dispersed. 


Such assemblages of individuals occur e.g. in some of the Loxosomatidae 
(Kamptozoa). A somewhat more advanced stage of that process is repre- 
sented by various species of Cephalodiscus, particularly by Cephalodiscus 


(Demiothecia) gracilis Harmer. The particular individuals, even though 


finally separating from the parent zooid, do not disperse but form stable 
assemblages and produce thecae united with the thecae of the oozooid. 


This results in a coenecium which is an assemblage of tubes containing 


the particular zooids forming a ”pseudocolony” (Dawydoff, 1948). 
According to van der Horst (1939), owing to the lack of connection 
between tissues of the particular individuals, assemblages of this type 
correspond ecologically rather to communities of insects, e.g. those of 
wasps, than to colonies. Nevertheless such stable population-clones may 
be regarded as an initial process subsequently leading to the formation 
of true colonies in other pterobranchians and graptolites (Beklemiśev, 
1950). A similar or perhaps still more primitive stage of colonialism is 
"represented by gregarious Phoronis ovalis. Their progeny produced by 


architomy grow within a tube which is the continuation of the tube of . 


parental zooid, thus forming an assemblage of tubes occupied by indi- 


viduals of the clone. Individuals making up such swarm-like assemblages - 


have most likely in a certain way been integrated. This is suggested by 
the examination of similar "colonial populations” of insects (Alle, 
Emerson et al., 1950). One of the factors here is probably the coenecium, 
common to all individuals. 

A still more advanced stage of colonialism would be represented by 
Cephalodiscus (Demiothecia) sibogae Harmer where individuals produced 
by budding remain interconnected and are believed not to be subsequently 
separated (van der Horst, 1939; Krumbach, 1937; Beklemiśev, 1950). This 
type of colonies would not fundamentally differ from colonies of Rhab- 
dopleura where individuals are produced by budding from the stolon 
to which they remain permanently attached. On the whole, relations here 
correspond to those in graptolite colonies (Dendroidea). Hence we may 
distinguish the following stages of colonialism: j 

1. Clone-like populations, supposedly constituting the indispensable 


genetic base for the further development of colonialism and the appearance 


of a certain stability of the formed assemblages. 
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2. Clones whose individuals form stabilized swarm-like assemblage:: 
iwith a common coenecium (pseudocolonies). 

| 3. Colonies consisting of individuals connected by common tissues 
which provide the indispensable base for further physiological inte- 
£gration of a colony (true colonies). 

4. Further integration of colonies; among others expressed in 
ia) reduced individuality of particular zooids, b) appearance of poly- 
orphism, c) development of colonial organs and of cormidia. 


The above mentioned stages of colonialism need not necessarily be 
all represented in evolution of all hemichordates. Moreover no adequate 
evidence exists indicating which group of hemichordates should be con- 
sidered as ancestral for remaining ones. It is therefore possible that 
graptolite colonies may have been produced immediately by budding 
and the formation of a clone, whose individuals do not separate. In 
[his latter case, stages 1-2 would be omitted. 

|  Nevertheless, the numerous intergradations between a true colony 
and a typical population of solitary organisms consisting of physiolo- 
zically more or less independent individuals, do not permit a sharp 
delimitation between these various organization types in conspecific 
ndividuals. Ecological data clearly indicate that a certain degree of 
fntegration and organization occurs in every population. Hence colonies 
would differ rather in the various quantitative expression of these 
properties whose evolutionary changes may have been gradual. Inasmuch 
as stages 1 and 2 may undoubtedly be regarded merely as a particular 
'ase of an ecological population, stage 3 may be considered as transient. 
Common genetic control and physiological regulation are here an 
yxpression of individual laws governing the colony as a unit; other 
'henomena, however, do not permit us to consider a graptolite colony 
js a single organism of higher order. This would be confirmed by the 
ibsence in graptolite colonies of such colonial organs as have been 
|prmed e.g. in Siphonophora. Neither has individual polymorphism been 
ieveloped, so common in highly integrated colonies of Hydrozoa, 
iiphonophora and Bryozoa. Hence it would be incorrect to regard 
| graptolite colony as a simple organism of higher order, a super-indi- 
lidual whose separate zooids function as organs!. 


The peculiar organization of. graptolite colonies may rather be 


kterpreted as a certain organization of a group of individuals, i.e. as 
| 

| £ An exception here may be the pneumatophors, *the floating vesicles” of some 
raptolite colonies (synrhabdosomes), also an organ like the virgula, which may 
|* tegarded as colonial organs. But in this case too, they are more likely a product 
| the extra-thećal membrane of tissues, i.e. the analogue of caenosarc rather than 
ld viduals specialized to particular functions. 
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a particular type of ecological population. Physiological and genetical 
processes occurring in graptolite colonies may be considered either as 
individual or populationary. The former of these standpoints may appear 
particularly justified in relation to physiological integration and gene- 


tical control of colonies, while the latter is especially applicable in 


relation to evolutionary changes of the mode of astogeny (comp. p. 169). 
These changes do not occur simultaneously in all individuals within 


the colony, but are initially manifested in a part of them only. Hence k 
evolution of a graptolite colony occurs through changes of ontogeny 


in the particular individuals and their groups within the colony. 
The organization of a colony has thus far been most adequately 
ascertained in two graptolite groups: Dendroidea and Graptoloidea. 
Dendroidea undoubtedly represent a lower evolutionary stage of 
graptolite colonies. Nevertheless, a dendroid colony was already a well 
integrated unit as is expressed by its structural pattern, realized by 
a definite mode of budding (the occurrence of triads, "Wiman rule$ 


Kozłowski, 1948). Moreover, dendroids are characterized by a regular, 


constantly dichotomous mode of branching, expressed in the occurrence 


of "zones of branching”, especially well marked in Dictyonema Hall | 


and Anisograptidae Bulman (Bulman, 1950, 1958). Two kinds of processes 
are readily observable in dendroids. According to the views advanced 


by Beklemiśev (1950), they may be both regarded as expression of an 
advanced stage of colonialism: a) diminished individuality of zooids- 
expressed by the morphological degradation of bizooids, and b) inten- 


sified individuality of colony expressed by a definite pattern of colonial 


structure suggesting the occurrence of a definite morphophysiological q 


integration of the colony. The possible occurrence in graptolites of 


certain tendencies to produce a kind of cormidia are perhaps indicated — 


by occurrence of triads and various other forms of a constant *thecal 


grouping”, as e.g. the presence in Acanthograptus Spencer of a twig 
grouping of autothecae. However, these tendencies have never been 


realized on a scale comparable to that in Coelenterata. 


It is in Graptoloidea that we encounter processes distinetly indicating 


that these graptolite colonies constitute an integrated unit to which the. 


structure and the functions of particular individuals have been 


subordinated. In Dichograptidae Lapworth we may observe the signi- 


ficance of the structural pattern of the colony, which determines the | 


number and the mode of lateral branching (Bulman, 1958). Another 
process may here be observed, that of the progressive size increase of 
the members of the colony, occurring on the particular branches in the 


course of astogeny. On the whole, the size of thecae inereases with the 
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growing distance from the initial part of the colony, i.e. the sicula. In 
*some graptoloids, however, especially in Phyllograpti, Tetragrapti and 
«some Didymograpti, thecae secondarily decrease in size at the distal ends 
(of rhabdosome. This phenomenon seems to be caused by corresponding 
£growth relations of thecae on growing tips of particular stipes. A series of 
ibudding thecae on different growth stages, showing decrease in size, is 
always present at the growing end in young and more mature rhabdo- 
somes. When, for some reasons, the growth stops, these growth relations 
seem to be responsible for size decrease of most distal thecae in certain 
[Dichograptidae. 

In higher Graptoloidea astogenetic changes are expressed not by 
the increase of thecal dimensions only, but moreover by accompanying 
xnanges in the shape, occaąsionally bearing a distinct character of 
iailometric changes. Hence, certain morphological characters are either 
stressed or reduced, as e.g. in Diplograptidae. In Diplograptus McCoy 
the proximal thecae of the rhabdosome are ventrally strongly excavated; 
the median ones less conspicuously incised; the distal nearly straight. 
[These changes take place by gradual modifications of thecal shape without 
lany sharp morphological discontinuity. 


py Elles and Wood (1901—1918) with reference to these monograptids. 
Dn analysing data available on astogenetic variability in graptoloids, 
partieularly in Monograptidae which have been more thoroughly stu- 
lied in this respect, we may confirm that it is expressed by gradual 
modifications in the successive thecae. Through a number of intermediate 
ltages these modifications lead on to morphologically extreme types 
Forresponding to the typical proximal and distal thecae. These changes 
most frequently involve the following characters (eomh Misa sa 


A. Size and shape of thecae: size of thecae, length and width of 
brotheca and of metatheca, length of protheca /length of metatheca 
jsatio, shape of ventral wall, outline of thecal aperture, presence or 
ibsence of apertural processes and their size and shape, degree of 
pending of apertural region, overlap of thecae and the extent of their 
leolation, inclination angle of thecae to the axis of the rhabdosome, 
listance between thecae, mode of thecal budding, presence, degree of 
/ecuction or absence of periderm. 


B. Shape of the rhabdosome: straight or provided with a variable 
'entral, dorsal or dorso-ventral curvature, with variable coiling either 
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planispiral or helicoidal, or coiling along the axis of the rhabdosome, 
branching frequency of stipes?. 

Doubtlessly, there is some interdependence between features of 
group A and group B, since the shape of the rhabdosome is occasionally 
in a certain sense determined by the structure of thecae and their 
succession. A striking example here is that of representatives of 
Petalograptinae (fig. 9) of which Cephalograptus Hopkinson is in 
Bulman's opinion (1955) "an extreme development of Petalograptus” 
(p. 87). This may be explained by the supposition that the foliate shape 
of the rhabdosome in Petalograptus Suess has experienced strong elon- 
gation in Cephalograptus. This has been effected by corresponding 
allometric modifications of thecae, with a bearing on changes in the. 
shape of the whole colony. 

Among some evolutionary lines of the monograptids, Sudbury (1958) 
has likewise been able to correlate the inclination angle of thecae 
or their isolation with the curvature of the rhabdosome. In Monograptus 
argenteus (Nicholson) e.g. the proximal thecae do not overlap at first, 
but do so rapidly after a certain distance, leading to strong local bending 
of the rhabdosome (Bulman, 1951; Sudbury, 1958). Similar relations 
have been ascertained in many other forms. A 

Taking into consideration data available on the astogenetic variability 
of thecae in Graptoloidea, and particularly so in monograptids, the 
following classification of colonies into groups, according to the type 
of their astogenetic succession, is proposed. 

A. Uniaxiate colonies — with one only rhabdosome branch present. 

1. Forms displaying the same thecal type throughout the rhabdo-- 
some: uniform; astogeny here is expressed by changes of size and some 
slight allometric effects only. Many representantives of the mono- 
graptids, among others of the genera Monograptus Geinitz and Pristio- 
graptus Jaekel, are here referable: e.g. Monograptus clingani (Car- 
ruthers), M.communis (Lapworth), M.uncinatus Tullberg, Pristiograptus 
dubius (Suess) may be mentioned as those which have been more 

2 The changes which some of the just mentioned structural characters undergo, 
have been more closely investigated by biometric methods. Urbanek (1953) has 
attempted to analyse changes referring to height of rhabdosome and shape of 
aperture in Saetograptus chimaera cervicornis Urb.; Kraatz (1958) has thoroughly 
studied the astogenetic variability of a number of indices in a monograptid 
described by him as Monograptus kallimorphus Kraatz; measurements of thecal 


size in some monograptids without overlap and their analysis wer 
by Sudbury (1958). y e also made 


Fig. 1. — Astogenetic succession of thecae in various Monograptidae: A Mono- 
graptus argenteus (Nicholson), B M. fimbriatus (Nicholson), € M. raitzhainiensis 
(Eisel), D M. triangulatus (Harkness), E M. communis (Lapworth); outline of rhab- 
dosomes approx. X 2, thecae approx. X 10, fusellar structure simplified (from 

Bulman, 1951, 1958). 
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Fig. 2. — Astogenetic succession of thecae in various Monograptidae, based on 

specimens dissolved out of their matrix: A Cucullograptus hemiaversus ńn.sp-mB] 

Saetograptus chimaera (Barrande), € Colonograptus colonus (Barrande), D Mono- 

graptus priodon (Bronn), E M. uncinatus Tullberg, F Pristiograptus dubius (Suess). 

For each species proximal, medial and distal thecae are shown. From various 
Silurian erratic boulders. A approx. X 20, B-F approx. X 10. 
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fully investigated in this respect. Forms of this type are shown in fig. 
PE 2E,F). 

2. Forms whose proximal thecae differ distinctly from the distal 
ones: biform. Two types of astogenetic succession may be here distin- 
guished: 

a) forms whose proximal thecae are distinguished by additional cha- 
racters not present in distal thecae, or by more intense manifestation 
of some characters less marked in distal thecae. This group comprises 
very numerous forms: out of monograptids, many representatives of 
Monograptus Geinitz*, Colonograptus Płibyl, Saetograptus Pribyl; e.g. 
species Monograptus revolutus (Kurck), M.argenteus (Nicholson), M.dif- 
formis Tórnquist, M.triangulatus (Harkness), to a certain extent also 
Monograptus priodon (Bronn), Colonograptus colonus (Barrande) and 
Saetograptus chimaera (Barrande). Forms of this group are represented 
in fig. 1 A-D, 2 B-D; 

b) forms whose distal thecae are distinguished by some additional 
characters not occurring in proximal thecae, or by stronger intensity of. 
manifestation of certain characters. Thus far these forms have not been 
adequately known. The present writer has, however, ascertained the 
occurrence of a form representing that type of astogenetic succession 
(comp. fig. 2.4) for which he suggests the name of Cucullograptus 
hemiaversus n.sp.* 


B. Multiaxiate colonies — colonies with more than one branch. 


1. Forms lacking differences in astogenetic succession on the main 
and lateral branches, so that the colony is apparently an assemblage 
of virtually independent uniaxiate colonies: Dichograptidae, Lepto- 
graptidaeę, Diversograptus Manck, Linograptus Frech, Abiesgraptus 
Hundt. 

2. Forms displaying differences of astogenetic succession on the 
main branch and on the lateral branches: Cyrtograptus Carruthers 
(comp. fig. 10). 

Elles (1922) was the first to give an interpretation of the interesting 
phenomenon of astogenetic variability of thecae, particularly as it is 

expressed in "”biform' graptolites. According to her hypothesis, 
 "biformism” is a consequence of the particular mode of evolution of 
graptolite colonies”. In Elles' opinion, biformism is an effect of the 


| 3 Numerous species of Monograptus distinguished by considerable degree of 
| miformism have been separated into the genera Demirastrites Eisel and Pernero- 
(crapius Płibyl. This problem is discussed on p. 207. 
| 4 Forms mentioned in the text as new species or subspecies are described in 
'*n appendix attached to the present paper (see p. 211). 

5 The views here stated have not all been "explicite” expressed by Elles, but 
lr ay be deduced from examples cited by that author. - 
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phylogenetic changes in a colony. They occur rather through changes of 
individuals in a part of the colony than by simultaneous modifications 
in all members of one colony. In certain cases new features are believed 


Qa 


Fig. 3, = Supposed evolutionary trend in certain Monograptidae illustrating the 

"progressive series” in the sense of Elles. Development and spreading of hooked 

type of thecae (1-8); a proximal, b distal parts of rhabdosome (from Elles, 1922; 
redrawn with some modifications). 


to be first introduced into the proximal part of the colony. According to 
Elles, this takes place when new progressive morphological features 
are introduced ('progressive series”). In these phylogenetic series we 
would be dealing with the gradual spreading of new features, progres- 
sively involving an increasing number of individuals of a colony and 


iz 
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finally spreading over the whole colony. An illustration of such a series 
is provided by the evolutionary line of monograpti which was believed 
by Elles to represent the successive stages of the spreading of the hooked 
thecal aperture (fig. 3)%. The process of morphological simplification, 
"the retrogressive series” is believed to occur according to another 
mode. The new character, morphologically constituting a simplification 
or reduction of the ancestral type of thecae, would then first appear 


Ż 


A D ( 


Fig. 4. Supposed evolutionary trend in Mono- 

graptidae leading from forms provided with 

hooked thecae (A) to forms with simple thecae 

(C) illustrating the *”retrogressive series” in the 

sense of Elles (from Elles, 1922; redrawn with 
some modifications). 


in thecae of the distal part of the rhabdosome, subsequently — in a line 
of successive generations — involving the whole of the colony. The 
various *"retrogressive lines from hook” (fig. 4) postulated by Elles are 
examples of these processes. 

Of particular importance is here the fact, for the first time stressed 
by Elles, that in graptolites changes of thecal type occur by gradual 
spreading of the new thecal type within colonies which constitute the 
successive stages of given phylogenetic series. These concepts were 
subsequently confirmed in papers by other authors, particularly those of 


6 It seems that the phylogenetic series suggested by Elles does not constitute 
cene evolutionary trend. In other words, it is not an unbroken chain of the direct 
ancestors and descendants of one stock (O. Abel's ”Ahnenreihe"), but supposedly 
rierely represents the successive morphological stages occurring during the evolution 
ia a number of such trends (O. Abel's ”Stufenreihe"). The occurrence of some 
'retrogressive series” are confirmed recently by Sudbury (1958), but the ”retro- 
 Eressive” series, postulated by Elles and quoted below to illustrate her conside- 
iations. seems rather doubtful in some respects. 
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Bulman (1933, 1951, 1958) and Sudbury (1958) who published new and 
reliable evidence to support them. Jaeger (1959) also described pheno- 
mena of gradual development of apertural lobes in the geologically 
youngest monograptids (ey beds). He has arrived at the conclusion that 
in some of lineages distinguished by him, this character was initially 
manifested in proximal parts of the rhabdosome, subsequently spreading 
toward the distal end. This mode of evolution was determined by 
Jaeger as a proterogeny. The opinion advanced by Elles that changes 
in thecae are realized by the gradual spreading of a new thecal 
type along the rhabdosome seems, therefore, sufficiently sound, while 
her other views call for further discussion. 

In considering these facts, de Beer (1958 and earlier) attempted to 
explain them from the embryologicel standpoint. He believed that some 
modes of the introduction and distribution of new features in graptolite 
colonies might be regarded as a case of ”*colonial neoteny” (1958, 
p. 86—87). By using certain analogies we might indeed suggest here 
a sort of proterogeny, paedomorphosis or colonial gerontomorphosis. How- 
ever, a deeper insight into the problem shows that in respect to 
features "introduced proximally”, the *colonial paedomorphosis” would 
be expressed by changes affecting particular individuals and bearing 
a distinctly gerontomorphic character. For example, in the spreading 
of the "hooked” shape distal thecae acquire mature or gerontic characters 
of proximal thecae of their ancestors. Hence it seems that concepts 
applicable to individual ontogeny, when used in reference to colonial 


development realized by changes of numerous individuals; may lead 


to misunderstandings and will not clear up any doubts. Bulman is 
thus right in asserting that "concepts borrowed from simple ontogenies 
may become misleading when applied to astogeny” (1951, p. 327). 

The interesting and important hypothesis advanced by Elles is 
actually more a description of certain facts than an analysis of the 
supposed causes of these facts. Hence Westoll's hypothesis (1950) 
attempting a causal explanation of these processes is of marked interest. 
Grounding his considerations on de Beer's views (1940, 1958), Westoll 
advanced his "potential hypermorph'” concept”. He used it in trying to 


explain the proble evolutionary mechanism of certain monograptids 


which had by Elles been referred to the progressive and retrogressive 
series. 


T According to de Beer's terminology (1940, 1945), hypermorphism may be defined - 


as a phylogenetic process consisting in the addition of a new stage to the adult 
stage of the ancestor (A. N. Severtzoff's anaboly, prolongation of V. Franz). Wes- 
toll's. (1950) potential hypermorphosis may be defined as a state when corres- 
ponding morphological modifications might be realized through the addition of 
a new s/age of ontogeny, but do not actually occur owing to restricted growth ability. 


Kl 0 
JYSK PERZ” 


EVOLUTIONARY CHANGES IN GRAPTOLITE COLONIES 141 


According to Westoll, certain features of thecal structure might be 
connected with a definite stage of thecal growth or of development attained 
by the theca. During the evolution of the "progressive series” in the 
various forms, the number of zooids attaining that growth stage would 


progressively increase (comp. fig. 5: argen- 
teus — priodon). During the colonial evo- 
lution of graptolites belonging to the *”retro- 
gressive series”, proximal individuals only 
would attain a stage of growth in which 
appropriate apertural differentiation occurs. 
The other members of the colony not having 
attained that stage would — morphologically 
speaking — be simplified owing to relative 
growth inhibition. The evolution of the re- 
trogressive series (comp. fig. 5: priodon — 
ef. colonus) would consist just of these chan- 
ges constituting an abbreviation of ontogeny, 
Le. a sort of neoteny. The changes may like- 
wise be according to Westoll, "stated in 
terms of de Beer's paedomorphosis and re- 
tardation'. 

Westoll's views were met by criticism on 
the part of Bulman (1951). He demonstrated 
that they do not adequately explain all the 
cases of colonial evolution in monograpti. In 
Bulman's opinion, they are not, in the 
first place, applicable to those processes 
during the introduction and spreading of 
new progressive thecal types (Elles*” progres- 
sive series). The *potential hypermorph” 
|concept accepts the existeńce of stadial dif- 
 ferences between the members of one colony 
idue to absence of a well developed terminal 
: segment in thecae with simple apertural parts. 
According to Bulman, this is not very likely 
'since it does not agree with the fact that all 
'mdividuals of a colony invariably represent 
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Fig. 5, — Diagram illustra- 
ting the spreading and loss of 
hooked thecae in ”progressi- 
ve” and *”retrogressive” ser- 
ies in monograptids, accord- 
ding to the *potential hyper- 
morph concept” of Westoll. 
Hooked shape of aperture is 
believed to be linked with 
a defined growth stage of 
theca (marked by broken line), 
which in some species — 
may be attained by all indi- 
viduals of a colony, in others 
only by part of them (from 
Westoll, 1950). 


|the same thecal segment, i.e. the metatheca. It is to Bulman too, that we 
(owe the detailed analysis of astogenetic changes of thecal shape in a num- 
lber of monograpti which represent the various stages of certain phylo- 
genetic series (fig. 1). In some of these Bulman has ascertained the 
vell known fact that proximal thecae are morphologically more 
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strongly modified than the distal. In Monograptus decipiens Tórnquist 
and M.communis (Lapworth) that author has observed, however, 
that "new features may originate or be dominantly expressed distally, 
but an appearance limited to the proximal end is far more com- 
mon'. Bulman's investigations have made important progress in the 
analysis of the mode of thecal variation in some monograptids and 
contribute to the comprehension of a graptolite colony as a unit under 
common genetic control. In result of his considerations, Bulman 
(1951, 1958) is inclined to accept the "orthodox view that the new types 
are transformations of thecal form introduced proximally into the 
rhabdosome with the corollary that the fact concerned loses its potency 
as the colony ages” (1951). Bulman believes that hypermorphosis might 
possibly explain the *retrogressive hook series” (1951), but that the 
occurrence here ”of some factor of gradually decreasing intensity 
throughout the colonial unit appears a more probable explanation" 
(1958). According to that author (1958), the ”succession of individuals, 
appears as something comparable with the varying field of growth 
potential of a solitary organism and perhaps finds its closest parallel 
among metamerically segmented animals”. 

Westoll's views were criticized by Urbanek (1958) from another 
standpoint, based on his retrogressive series concept. Westoll agrees 
with the hypothesis of Elles that the "retrogressive series” would lead 
from uniform forms provided with hooked thecae throughout the length 
of the rhabdosome to forms with hooked thecae limited to the proximal 
part of the rhabdosome. Now, however, we know that the phylogenetic 
trend suggested by Elles requires certain amendments, since ancestors 
of this series too, i.e. Monograptus priodon (Bronn) are likewise cha- 
racterized by some degree of biformism. In the just named form the 
lateral processes of proximal thecae differ strongly from those of 
distal thecae and, in spite of the uniform character of the apertural 
lobes throughout the rhabdosome length, this is undoubtedly a represen- 
tative of the *”biform" type (comp. fig. 2 D). Hence, within the suggested 
evolutionary trend we would not be dealing with an appearance of 
biformism but with differences between ancestors and descendants, 
consisting in the absence or presence of apertural lobes. Hence, this 
example, neglecting even some uncertainties whether it may be consi- 
dered as ancestral for the mentioned lineage, is not an illustration of 
Westoll's hypothesis, since within the suggested evolutionary trend the 
mode of evolution would undoubtedly differ from that supposed by that 
author. 

Urbanek (1958, p. 28) has likewise stressed the strong similarities 
of the regular astogenetic succession of thecae in graptolite colonies 


EVOLUTIONARY CHANGES IN GRAPTOLITE COLONIES 


Fig. 6, — Fusellar structure of thecae in Cucullograptus he- 

miaversus n.sp. 41-As proximal theca from right and left side, 

B1-Bą distal theca from right and left side (boulder S. 200, 
(Rewal), approx. X 75. 
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with the occurrence of "growth gradients” and the "growth gradients 
potential” concept, such as has recently been postulated by Huxley 
(1950). On the other hand, he has also pointed out difficulties encoun- 
tered in the determination of the nature of stimulating and inhibiting 
factors, controlling the spreading of characters and moreover in the 
determination of factors responsible for thecal shape. According to 
Huxley's growth gradients theory, the decisive factor here would be 
the position of theca within the rhabdosome, while Bulman's consi- 
derations suggest rather the colonial age factor. 

New light has been shed on the here studied problems by data 
resulting from the present writers new investigations of regularities 
in the evolution of some Silurian graptolites from the Monograptidae, 
subfamily Cucullograptinae (Urbanek, 1958). These forms have been 
studied mainly from erratic boulders of Scandinavian origin, Ludlovian 
in age (comp. p. 176). 

A new species, which the writer proposes to call Cucullograptus 
hemiaversus n. sp., displays a very peculiar structure. The thecae of 
this species are provided with two lateral apertural lobes, initially 
nearly symmetric. The subsequent thecae are characterized by pro- 


gressive hypertrophy of the left lobe, accompanied by corresponding — 


distrophy of the right one. Consequently, the more distal thecae display 
stronger asymmetry (fig. 2 A 6 6). These forms may be, on existing 
evidence, traced to ancestors with two symmetric apertural lobes in 


thecae throughout the rhabdosome length. The just mentioned forms : 


though not very abundant, are encountered within the graptolite fauna 


of erratic boulders (comp. p. 179). The hypertrophy of the left lobe | 


in this evolutionary trend and its overlap onto the right lobe, as well 
as the associated distrophy of the right lobe, are all features "introduced 
distally” in a series of descendants. In a strictly morphological sense, 
the hypertrophy of the lobe and the appearance of asymmetry cannot 
be recognized as a retrogressive character responsible for structural 
simplification. On the contrary, we are more probably dealing here 
with progressive modification of the apertural apparatus. This is most 
distinctly shown in a form, by the writer named Cucullograptus aversus 
rostratus n. subsp.; it is referable to the same evolutionary trend. In 


the latter form, the left lobe shows further progressive development 


(com. p. 182). However, this feature, at first affecting the distal thecae 
alone (C. hemiaversus n. sp.), sybsequently occurs throughout the rhab- 
dosome (C. aversus (Eisenack)), hence behaving as new features in 
Elles' "retrogressive series”. 

Bulman is in favour of a similar conclusion when he writes: ”some 
evidence, however, indicates that the thecal changes affect the distal 
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| part of the rhabdosome alone, and in Cyrtograptus the more conspi- 
cuous changes commonly appear to be in the distal thecae” (1955, p. 45). 
Thorsteinsson's data (1955) likewise apparently suggest that "through- 
out the cyrtograptids the proximal thecae are invariably of a closely 
comparable type, and that differences appearing in the distal thecae 
cannot be classed exactly as retrogressive” (fide Bulman, 1955, p. 49). 
| On the other hand, Sudbury (1958) found that the simplification 
| of rastritiform thecae in the lineage of Monograptus triangulatus fimbria- 
tus (Nich.) is a character introduced distally into the rhabdosome. This 
means that the mentioned mode o" introduction of new characters is evi- 
dently independent of nature of the change being in some cases 
| progressive”, in others ”"regressive” in the formally morphological 
| sense. 
| Hence the distinction, proposed by Elles of the ”progressive and 
|retrogressive series” on differences in mode of introduction of new 
| characters, is believed as unconformable with the evidence now available 
jand hence it requires amendments. Therefore, group A, 2a of mono- 
| graptids distinguished previously (comp. p. 137) comprises all forms 
jwith stronger modifications in the proximal parts of the rhabdosome, 
iand their separation into representatives of the progressive and the 
iretrogressive series does not seem reasonably justified. The last men- 
|tioned view is based on definite phylogenetic hypotheses which in turn 
(call for some sound evidence. Should we discard this criterion, the 
(distinction between ”progressive” and "retrogressive” characters will 
lose its poignancy or perhaps be altogether impossible. Moreover, we 
*are now in possession of evidence indicating that "progressive" cha- 
| racters may behave similarly as *regressive” characters should do 
| according to the opinion of Elles. 
| Stronger manifestation of certain morphological characters in the 
idistal part of the rhabdosome bars the supposition that astogenetic 
ivariability may be due to the aging of the colony as a whole, i.e. 
determined by the time and succession of budding of particular zooids. 
[Distal zooids do not at all display lack of capacity for differentiation, 
iand in some cases on the contrary they represent maximum structural 
'modifications. 
| Cucullograptus hemiaversus n. sp. and its relatives moreover indicate 
hat neither can Westoll's "potential hypermorph” concept be used to 
explain the evolution of this phylogenetic trend. Even though strong 
modifications have affected the apertural apparatus, they cannot be 
referred to lack or addition of certain growth stages or absence of 
certain thecal segments. Every morphological change of the peridermal 
structure in graptolites does indeed lead to growth changes (formation 
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or reduction of fuselli), similarly as in the case of the 'accretionary 
type of growth” (Huxley, 1932), bearing an additive character. In this 
particular case, however, we may be all the more certain that morpho- 
logical differences of adjacent thecae cannot be explained by growth 


apertural 
port 


metotheci 


suboperturol 
port 


prothec 


A B 


Fig. ©. — Comparison of homologic segments of thecae in Graptoloidea. Metathe- 

ca in graptoloids without apertural apparatus represents mere subapertural seg- 

ment (4); metatheca in graptoloids provided with apertural apparatus represents 
both subapertural and apertural segments (B). 


differences. In Cucullograptus hemiaversus n. sp. the thecae represent 
indeed not only the same thecal segment (metatheca) but, moreover, 
its apertural part is represented by apertural lobes developed in all 
the thecae. Hence it is doubtless that they represent the same growth 
stage, which would not necessarily always be so, if some thecae repre- 
sent the subapertural part of metatheca alone (comp. fig. 7 A), while 
others the apertural one too (comp. fig. 7B). Therefore, in the case 
of C. hemiaversus n. sp. growth differences of the various thecae, 
doubtlessly representing the same growth stage but nevertheless diffe- 
ring strongly, could not be the decisive factor determining the structure 
of the apertural apparatus. These differences do not consist in the 
absence or presence of the respective thecal segment (i. e. the apertural 
segment), but in various modifications of structure of the same segment. 

Growth differences, as suggested by Westoll, doubtlessly occur in 


many cases, but his interpretation does not seem adequate for some 


other ones. 


The above remarks might well be supplemented by stressing that 
Westoll's hypothesis, like all previously menticned concepts, fails to 


interpret another important process; namely that of the changing | 
expressivity of given characters, thanks to which evolution in graptolite 
colonies involves not only the spreading of a given character among 


the members of a colony, but changes of its expressivity too. The 
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particular stages of the "progressive series” differ not oniy in the 
number of thecae displaying a given character, but also in the degree 
jof its expression (comp. also data of Bulman, 1951, Sudbury, 1958; 
'see p. 175 of the present paper). On the other hand, the occurrence 
iof regular growth differences in thecae of the rhabdosome, suggested 
by Westoll, would necessarily lead to the acceptance of growth gradients, 
.and this has not been sufficiently taken into the account by Westoll. 

On the basis of the above considerations, the present writer concludes 
that so far advanced concepts do not now adequately explain the available 
'evidence which indicates that: 

1) thecae may display regular morphological succession on the 
irhabdosome and these changes may consist either in the presence or 
'absence of respective thecal segments, and also in different structural 
iinodifications of the same segment; 

2) evolutionary changes may initially affect the proximal or the 
distal part alone, independently however of their being ”progressive'” 
or "regressive"” features in the formally morphological sense; 

3) in many graptolite groups evolution consists in gradual spreading 
of the new thecal type which may finally be manifested in all the 
members of the colony. 

These considerations have induced the writer to search for a more 
general concept which would explain all colonial organization types 
thus far known in graptolites, and would be based on modern views 
concerning the process of integration and biological correlations and 
on up to date genetic views. In the discussion that now follows the 
writer has availed himself of numerous analogies taken from the study 
of living animals and plants, whenever the basic mechanism of these 
processes presented reasonable similarities.* 


III. MORPHOPHYSIOLOGICAL INTERPRETATION OF ORGANIZATION 
OF GRAPTOLITE COLONIES 


Organization of uniazxiate colonies 


The presence in higher Graptoloidea colonies of an integrated 
orphological organization, expressed by a definite astogenetic succes- 


8 The mode of evolutionary changes in graptolite colonies, realized primarily 
b- change of a part of the colony, implies some analogy to the genomorph 
©vnacept of Lang and Smith, and other authors, based on studies on colonial 
Tetracorallia. This interesting conception is, however, in many respects „Vague 
Bud indefinite, and this is why no comparison is made here with evolutionary 
EFanges in graptolite colonies — far more regular and better known (comp. 
i«lman, 1951). 
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sion, suggests some striking biological analogies. The gradual modifi- 
cation of thecae during astogeny in graptolite colonies of the "biform"” 
type, leading to conspicuous differences between the proximal and 
distal thecae, doubtlessly indicates that in morphophysiological respect 
the graptolite colonies were characterized by peculiar polarity and that - 
they were organized according to an 'axiate pattern” (Child, 1941). 
During astogeny, thecal changes were manifested in small structural 
intergradations of adjacent individuals, without any morphological 
discontinuity and displaying a definite succession, i.e. direction of 
changes. These changes were so gradual that it is really never possible 
sharply to delimit the particular regions of the rhabdosome (comp. 
fig. 1, 2). Hence we may without hesitation accept the appearance in 
such graptolite colonies of definite morphophysiological gradients. We 
are namely dealing here with regular modifications of properties of 
individuals depending on their position in the colony. These facts seem 
quite closely to coincide with numerous biological processes which 
Child (1915, 1941) attempted to explain by his physiological gradient 
theory. The fundamental points of that gradient theory have, in one 
way or another, been recognized by a number of authors engaged in 
the study of the various branches of biology. They were i.a. D'Arcy 
Thompson (1952), Hórstadius (1935, and later works), Huxley (1932, 
1950), Huxley and de Beer (1934), Runnstróm (1928, and later works), 
Spemann (1936, and earlier works). 

Numerous authors have introduced certain amendments into that 
theory. Although Child asserted that the physiological gradients are - 
expressed by the metabolic activity gradient, i.e. the respiratory 
gradient, it has never been possible to prove this, on the contrary, data 
are now available showing that in this respect the "dominant region” 
does not differ from the surrounding tissues (Needham, 1931, fide 1942; 
Huxley, 1932; Poleżaiev, 1945). Moreover, there is considerable evidence 
indicating that the occurrence of gradients is associated with a corres- 
ponding mode of the production and distribution of morphogenetic 
substances. The physiological dominance in coelenterate colonies is even 
regarded by Barth (1940) and Spiegelman (1945) as competition for 
physiologically necessary substances (Spiegelman's "eoncept of physio- 
logical competition”). The gradual exhaustion of the still available 
amount of that substance may, in Waddington's opinion (1956), be 
responsible for the appearance of physiological gradients. This is the 
conclusion to be drawn from Spiegelman's (1945) and Waddington's 
(1956) considerations expressed in mathematical language (comp. also 


Tardent, 1956; Tardent $z Tardent, 1956; Tardent 8: Eymann, 1959; 
Tweedell, 1958). 
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The presence in graptolite colonies of a distinet. morphological 
| gradient likewise seems to suggest that its origin is due to the spreading 
of appropriate morphogenetic factors. These are in most cases known 
in living organisms, represented by certain substances. Numerous 
experiments carried out on coelenterates seem to indicate that the 
dominance and physiological gradients may be due to the spreading 
of suitable substances. The blocking or restriction of inhibition has 
| been here obtained by introducing into the coenosarcal cavity of a drop 
|of oil, or air vesicles, or by ligature of the stolon (e. g. Barth, 1938). 
| These mechanical factors check the spreading along the stolon of 
| eorresponding substances at the same time blocking the dominance 
| finhibition), (Spiegelman, 1945). In view of these facts it may be 
| accepted that, within graptolite colonies, the gradient of such active 
| substances would affect not some physiological properties only, but the 
| imorphogenetic too. Hence it seems that the interpretation of graptolite 
| colonies by the *concept of physiological competition” is more reason- 
| able than the acceptance of the "specific inhibition” concept, recently 
(advanced by Rose (1957). 

Independently of these discussións the occurrence of morphophysio- 
logical gradients has now been ascertained beyond any doubt (Huxley, 
1932, 1950; Poleżaiev, 1945; Wagner % Mitchell, 1950). The majority 
(of authors agree that Child's hypothesis is a most creative and fruitfui 
(one. The fundamental points of the morphophysiological gradient theory 
((Child, 1915, 1941) are very helpful in interpreting the organization 
(of graptolite colonies'”. Without going into details of no bearing for 
(our problems these points may be summarized as follows: 

| 1. Both in solitary organisms and in colonies, gradual and directional 
(changes of physiological and morphological properties are manifested, 
ji.e. the occurrence of graded decrease, from the region of the highest 


% This hypothesis postulates that the cells of an organism are; all provided 
iwith equal development abilities. Some of them, however, upon attaining suitable 
pdifferentiation, will — by way of inhibition — prevent same differentiation 
(processes, in others thus causing the remaining cells to take up a different 
pdirection of differentiation. The inhibiting factors are manifested by the direct 
bcontact of cells; by way of transmission of some surface changes. This hypo- 
lthesis contains new and important ideas. They are, however, of greater signi- 
lficance with reference to organogeny than to astogeny (formation of colonies). 
FE.g. it does not adequately explain the astogenetic succession of *”uniform” 
bgraptolites, such as those provided with same differentiation, 2.8. hooked thecae 
tkroughout the rhabdosome length. Neither does it seem justifiable to postulate 
tkat the direct surface contact of cells is the main way of the transmission of 
'imduetion (inhibition) in graptolite colonies. Also the new concept of morphogenetic 
fields, based on spatial distribution of successive stages of a common chain of 
tetabolic reactions, postulated by Abeloos (1955) for interpretation of regeneration 
Pienomena in annelids, seems to be in a lesser degree applicable to graptolite 
eelonies than the orthodox physiological gradient concept of Child. 
10 See next page. 
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intensity to the region or regions of lowest intensity (gradients) is 
noted. 

2. Individual or colonial integration is realized by control or do- 
minance of certain centres over the remaining ones. 

3. Physiological dominance or induetion is realized by transport 
of certain chemical substances, or by transmission of energy changes!" 
from centres physiologically dominant to those of lower intensity. 

4. In many organisms the efectiveness of dominance decreases with 
increase in distance from a given region to the physiologically dominant 
centre: 


5. The physiological isolation (isolation from control) of the different 


parts of solitary organisms or colonies varies in connection with the 
varying effectiveness of dominant (inducinz) factors. 


6. The varying range of physiological isolation determines the. 


physiological and morphological properties in the given part of an 
individual or of a colony. 

The organization of higher Graptoloidea colonies, particularly those 
of biform type, may be readily explained by application of the theory 
of morphophysiological gradients. 


The regular astogenetic succession in 'biform” graptolites suggests 


the presence in their colonies of peculiar morphophysiological gradients. 
In result of gradual modifications, distal thecae differ distinctly from 
the proximal, indicating certain polarity within graptolite colonies. 


This polarity, similarly as the polarity in living organisms, must have 


been associated with the presence of an inducing region. According 


to the linear nature of graptolite colonies, this inducing centre may 


be searched for in two regions of the colony, i.e. a) the proximal end 
(sicular region), or b) the distal end (budding end of the stolon). 
A consideration of these alternatives indicates that in graptolite colonies 


10 In his considerations the present writer uses the term »morphophysiological 
gradient” to supplement the classical meaning given to it by Child when speaking 
about ”physiological gradients”. The idea of the *”morphogenetic field”, dwelt 
upon in several papers by Gurwitsch, Weiss, and Huxley $ de Beer, does not 
necessarily seem applicable to graptolite colonies. ”Morphogenetic fields” result 
from gradients (Child, 1941) and, in spite of certain suggestions, they cannot be 


regarded as a phenomenon independent of the gradient (comp. also Spiegelman, 


1945). However, in many cases, these ideas are not accurately defined, being 
vague and indefinite (comp. also Poleżaiev, 1945, Spiegelman, 1945), even though 
they keep up with the spirit of time (physical approach). Therefore, the classical 


biological meaning of the term *gradient”, considerably less ambiguous, is here 
perfectly sufficient. 


| p The transmission of energy changes, interpreted by Child (1941) as trans- 
mission of mechanical, thermal or electrical changes, and, in the first place, 
that of nervous excitation, is not here discussed, since these factors could 
not in any important measure be responsible for the morphogenetic changes 
observed in graptolite colonies. 2 
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it is the sicular region, or rather the siculozooid, that may with most 
likelinood be recognized as the inducing region. In this connection 
the organization of graptolite colonies would correspond to that in the 
basipetal type of colonies of various athecate hydroids where the oldest 
zooid would be the centre of physiological dominance. Indeed, in most 
graptolites the siculae are of notably constant shape and, with a few 
exceptions, they were scarcely affected by any important morphological 
changes. This constancy in the shape and structure of siculae contrasts 
with the plasticity of thecae of all blastozooids in higher graptolite 
colonies. The morphological difference between ihe sicula, i.e. the 
prime theca of the colony and the next thecae, is considerably stronger 
than that between the adjacent thecae of the remaining portion of the 
rhabdosome. This gives rise to an analogy between the organization 
centre and the reacting tissues during individual development of animal 
organisms. In graptolite colonies the biological function of the former 
factor would be performed by the siculozooid, while the latter would 
be represented by the remaining zooids of the colony. 


The other alternative, accepting the budding end of the stolon as 
the organization centre, does not seem probabie. During the budding 
process every zooid would be produced in the terminal end of the 
stolon and an analysis of relations in the terminal portions of the 
growing graptolite branches indicates that budding started from the 
actually terminal zooid of a colony (comp. fig. 8B) which, in turn, 
would produce the next zooid. Analogies with the living pterobranchians 
(Cephalodiscus) suggest that budding occurs within a definite zone.at 
the base of the mother zooid. Hence, should the successive terminal 
zooids be regarded as the inducing centres affecting the descendant 
zooids budding from them, we could conclude that the intensity of 
this induction and at the same time the extent ot physiological isolation 
would be very much the same in all the zooids of one colony. Similarly, 
relations in Rhabdopleura (comp. fig. 84) indicate that buds are pro- 
duced at a definite distance from the terminal (leading) zooid, at the 
base of its contracting peduncle. The growth of the stolon here is 
realized through the intermediary of the permanent immature, terminal 
bud, whereby this development type differs from relations common 
in graptolites (Kozłowski, 1948)'7. "This, however, clearly shows that 
in any case the variability of thecal shape cannot be explained by the 


12 Fundamentally the same relations as in Graptoloidea have been also 
<scertained in Dendroidea (Kozłowski, 1948) where the growth of branches occurs 
ly mediation of stolothecae which are merely the proximal immature portions 
ef autotnecae. The individuals contained in them may be regarded as the terminal 
inmature autozooids. 
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supposition that the actually budding portion of the colony might have 
been the inducing centre. 

On the other hand, the recognition that the terminal budding end 
of the stolon had progressively decreased activity and caused corres- 
pondingly diminishing induction in successively budding thecae, would 
lead on to the conclusion that the diminishing activity may merely 
be an expression of its concealed senescence. This hypothesis, however, 
has no sound base since following it we would have to accept weaker 
activity of distal thecae as compared with the proximal ones, due to 
the origin of the former from tissues of the senescent end of the stolon. 
This is, however, contradicted by evidence showing that the distal 
thecae attain the greatest dimensions and often produce the most 
complex apertural apparatus (e.g. in Cucullograptinae). This requires 
additional supplies of the peridermal substance and suggests their high 
morphogenetic and physiological activity (comp. p. 156—157)13. 

Doubtlessly, the growing budding terminal end of the colony (ter- 
minal distal zooid) must have been the centre of intense physiological 
activity (formation of new tissues, histogeny). In a certain sense we 
might also speak of the occurrence in graptolite colonies of a "double 
gradient” (Huxley 8z de Beer, 1934), similarly as in annelids and 
arthropods. Two fundamentally different processes are here manifested 
suggesting two independent centres of strongest activity. One of these 
consists in the formation of new tissues (distal terminal zooid in grap- 
tolite colonies, the subterminal growth zone in annelids and arthropods); 
the other is a process of the induction and control of morphogenetic 


processes, associated with corresponding specialization of tissues (pro- | 


bably the siculozooid in graptolite colonies, the head in annelids and 
arthropods), (comp. also Bulman, 1951, 1958). 

The activity of the first factor displays rather rapid decrease from 
the distal to the proximal end, as is indicated e. g. by a series of terminal 
thecae of Lobograptus scanicus parascanicus (Kiihne), (comp. fig. 8 B). 
The activity of the other factor gently decreases in the distal direction. 
Colonies without sicular region (comp. p. 162) indicate even that the 
sicular centre, playing an important role in astogenetic development, 
is by no means necessary for mere budding and life of the colony. 

. According to the now accepted views, the action of the sicular 
centre is comparable with that of the inductor, while the reaction of 


| > Certain structural changes in terminal autothecae of dendroids: abbre- 
viation, bending, may however be explained as senile modifications in terminal 
branches (Kozłowski, 1948, p. 28—29). Within terminal autothecae their mani- 
festation sometimes regularly increases. These processes do not, however, to any 
considerable extent affect thecal morphology. In Graptoloidea moreover distal 
thecae are on the whole longer than the proximal. 
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| Fig. 8.— Comparison of terminal, grow- 
lisg tips of a colony: A in Rhabdo- 
pieura (after Lankester, from Grasse, 
|1948, and after Bulman, 1955; combi- 
ned), B in Lobograptus scanicus para- 
's anicus (Kiihne), partly reconstructed 
i:0m two combined fragments (boulder 
FS 137, S. 181); st stolon, tz terminal 
zooid, «-n-7 successive zooids. 


| JA | B 


Fig. 9. — Interrelation of changes in 
shape and size of thecae and in shape 
and size of rhabdosome in Petalograp- 
tinae: A Petalograptus folium (Hisin- 
ger), reverse side; B Cephalograptus 
cometa (Geinitz), reverse side. In both 
specimens length of 1! is shown with 
equal length (based on Bulman, 1955, 
fig. 63, 6b and 7b). 
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the blastozooid tissues to the inducing factor may be compared with 
the phenomenon of *”competence” or "Reaktionsfahigkeit"”, observabie 
in the developmental physiology (Waddington, 1940, Needham, 1942). 

The physiclogical dominance of the sicula in relation to the remain- 


ing thecae of the rhabdosome must have been most likely caused by - 


the spreading along the rhabdosome axis of certain active morpho- 
genetic substances, probably produced by the tissues of the siculozooid. 
In their biological properties these substances must have resembled 
animal hormones and plant growth substances (auxins). Close analogies 


surely existed between these factors and certain morphogenetic sub-- 


stances produced by "organizers” in embryonal development of animals 
and responsible for the phenomena of embryonal induction. Ample 
literature references on this problem are given in papers by Waddington 
(1940), Needham (1942), Lehman (1945), Barth (1949) and Wagner % 
Mitchell (1955). Such substances seem likewise responsible for definite 
growth relations (Huxley, 1932, 1942). Huxley indeed postulates that 
this is due to the "partition of some substance responsible for growth 
potential" (1950). When the successive thecae differ in allometrie 
changes, it could be accepted that the substance produced by the 
siculozooid might control the mode of growth and the growth relations 
in the particular organs of each successive zooid, their "secretionary 
behaviour”, hence thecal shape too. 

Astogenetic succession in graptolites where it is restricted to "growth 
gradients” may be illustrated on certain pristiograptids, e. g. Pristio- 
graptus dubius (Suess), (comp. fig. 2F). Thecal modifications here are 
expressed by certain allometric changes. In Petalograptinae the relations 
are somewhat more complex (comp. fig. 9 4, B). Cephalograptus Hop- 
kinson, belonging here, is distinguished from Petalograptus Suess in 
greater elongation of thecae reflected in the shape of the whole rhabdo- 
some. Perfectly reliable data regarding the mutual phylogenetie relation 
of these forms are not available. However, it is known (Bulman, 1955) 
that Petalograptus appeared earlier, while intermediary forms occur, 
linking these extreme morphological forms. The nature of the changes 
here is readily understandable on bringing these forms to the same 
length dimension of th 1!, whereby the effects resulting from pro- 
portion changes are very much stressed (fig. 9). The presence in these 
graptolites of a distinct growth gradient permits to regard their colonies 
as an integrated unit under a common physiological control. 

In many graptolites astogenetic changes are not confined to such 
simple changes concerning the size and proportions of thecae. The 
here given examples (fig. 1 A, 2 A—C) illustrate relations oceurring 
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when the progressive thecal modifications attain the "qualitative stage” 
(presence or absence of certain structures, or their deeper changes). 
It should be concluded that on the whole such substances might have 
altered the degree óf the phenotypic manifestation of genetic factors 
in particular individuals. The degree of the modifying effect must 
have been controlled by the amount of the given substances morpho- 
genetically active in tissues of the various zooids. 

Certain structural characters of thecae are better stressed either 
proximally (group A, 2a) or distally (group A, 2 b), (p. 134, 137). Hence 
it reasonably follows that in relation to definite characters or groups 
of characters these substances acted respectively as stimulators (group 
A, 2a), or as inhibitors (group A, 2b). In the former case, when the 
substance produced by the siculozooid has a stimulating effect, certain 
characters were phenotypically more strongly manifested in the proxi- 
mal portion of the rhabdosome, owing to the highest concentration 
(amount) of these substances. In the latter case, when the substance 
produced by the siculozooid behaves like an inhibitor, features whose 
phenotypical manifestation it affects, would be strongest in the distal region 
of the rhabdosome where the concentration (amount) of these substances 
is lowest. In both cases, however, the regular decrease of the amount 
of morphogenetically active substances, modifying the phenotypie 
manijestation of characters, would be responsible for the occurrence 
of a definite morphological succession oj thecae. 

Causes of the regular decrease in the concentration of morpho- 
genetic substances along the colonial axis may be of different nature. 
The decisive factor here may be the mode of distribution of these 
substances from one local centre producing them (siculozooid). Accepting 
constant activity of the inducing centre, properties of the particular 
zooids would be determined by their distance from that centre, growing 
progressively with astogeny, i.e. by increased physiological isolation. 
The mechanism of the distribution of morphogenetic substances might 
suggest certain analogies with the process of difiusion thus explaining 
the formation at a certain moment of a regular concentration gradient. 
On the other hand, however, the spreading of such substances as the 
auxins is a process totally differing from that of diffusion. The transport 
of these substances ought to have displayed some polarity too, resulting 
m a direction opposite to the action ol gravity forces. The available 
pbhysiological data (Went 8z Thimann, 1937, 1945) apparently contradict 
'hat gravitation can actually be an agent determining the biological 
polarity. Hence the concentration of active substances in the proximal 
"nd of the colony (physiologically lower part of a colony) cannot be 


156 ADAM URBANEK 


regarded as a mechanical effect of the orientation of colonial axis. The 
spreading of the active substance along the rhabdosome axis was 
undoubtedly connected with the definite mode of its transport, and 
the growing terminal zooid of the stolon must have been here a certain 
"point of attraction”. Nevertheless it would hardly be possible to 
account for the constantly diminishing concentration of active substances 
by the concentration gradient alone, since it could lead to gradual 
equation of differences. Hence, we might perhaps as well agree with 
Waddington's (1956) opinion that the regularly decreasing concentration 
of morphogenetic substances is referable to the progressive exhaustion 
of definite substances, necessary for the budding and growth of the 
successive individuals of a colony. These substances, produced in the * 
tissues of the oozooid and transported along the rhabdosome would be 
partly exhausted in the budding process, while the induction would 
be in each case realized by the still available amount of substance. 
This would diminish regularly with the development of the colony 
(comp. p. 148). Physiologically the mechanism of this process would 
remind us of the gradual *"dilution"” of pigment among the progeny 
of the flour moth Ephestia, in the case of the absence in the genotype 
of gene A which is necessary for the production of pigment. Individuals 
aa bred from the .crossing of the female Aa, and the male aa dispose 
of a certain amount of pigment supplied by the egg cell. Owing to 
lack of ability for pigment production, it is dissolved during the process 
of cleavage and differentiation of tissues. In result, the individuals 
grow paler, while in the following generation the effect disappears 
(Kihn, Caspari 8z Plagge, 1935; Plagge, 1939). In graptolites the morpho- 
genetic substance behaves similarly. "”Introduced' into the colony by 
an oozooid capable of producing it, this substance would during blasto- 
geny likewise become dissolved and exhausted. This would lead to 
its regular gradient. The fact that the substance would supposedly be 
produced by the oozooid only, is physiologically understandable since 
it is the oozooid alone which owes its origin to a sexual process and 
which is probably subject to a complex metamorphosis (Kozłowski, 
1948), while the budding of the remaining members of a colony cor- 
responds to simple blastogeny. 

The causes of astogenetic variability may be also looked for in the 
gradual senescence of the colony, manifested by the regularly dimi- 
nishing reaction ability of tissues, i.e. their ability for phenctypie 
manifestation of definite genetic factors and for differentiation. This 
is contradicted, however, by such facts as the stronger manifestation 
of certain morphological characters in the distal portion of graptolite 
colonies, as compared with the proximal portion and, generally speaking, 
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by their being "introduced distally” in many phylogenetic graptolite 
lineages. This does not at all mean that, with colonial growth, the 
successive zooids gradually lose their ability for phenotypic manifesta- 
tion of the respective genetic factors and for differentiation (comp. p. 
152). Much more likely are the first two hypotheses claiming lack 
of any notable differences in the reactiveness of the successive zooids. 
The reactiveness potential of the colony must have undergone changes 
| "in toto” according to a similar pattern for the whole colony. 

Independently, however, of the mechanism of this process, it must 
have resulted in the progressive and regular decrease of the amounts 
|of definite substances available to the successively budding zooids. 
| fhe most sound and mutually complimentary hypotheses are those 
| postulating that the sicular portion was the centre producing morpho- 
| genetically active substances, and that subsequently these substances 
| were successively exhausted in the budding process of the individual 
| zooids of a colony. Hence in further considerations, we assume to be 
| dealing here with a decreased concentration, connected with the dis- 
| tribution gradient of the given substances from the proximal part. 
| The supposition for the regular decrease of concentration of the substance, 
produced by the siculozoożd, is based on analogous phenomena in 
|the distribution of growth hormones in plant stems. These likewise 
|display a more or less regular decrease of concentration, associated 
'with a constant direction of their transport (Went 8ż Thimann, 1937, 
'1945). Similar relations occur in many animals. E. g. a regular gradient 
|of the regeneration rate has been ascertained in Tubularia (Barth, 1938, 
1940). Particularly interesting are the investigations of Gast and God- 
| lewski (1903) who have demonstrated in the colonial hydrozoan Pannaria 
lcavolinii the existence of a regular regeneration ability gradient, 
| manifested along the axis as well as on the secondary branches of the 
k colony. The transport of morphogenetic substances has likewise been 
|ascertained in many animals, but its mechanism is not very well known. 
| In Drosophila the hormonal substances are transported by means of the 
|llymph (Ephrussi, 1942), while in Ephestia streams of such substances 
and their probable course have been ascertained by Kihn and Henke 
(1936). Students of these and similar problems have even created such 
[convenient terms as ”*pigment-stream' or "determination-stream” to 
temphasize the process of the distribution of the corresponding morpho- 
| genetic substances (Goldschmidt, 1938). In graptolite colonies the spread- 
iing of such substances might in the first place be effected through 
tre stolon, possibly also the extrathecal membrane connecting all indi- 
v duals of a colony. 
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Organization of multiaxiate colonies 


The nature of the fossil material does not naturally permit ex- 
perimental verification of the correctness of the just stated views. 
The palaeontologist, however, is not quite helpless in this respect since 
he is in a position to examine phenomena deserving to be called the 
experiments of nature. Among them we may include the development 
of graptolites with secondarily branched colonies which have probably 


evolved from forms originally provided with one branch only (Cyrto- 


graptus Carruthers, Diversograptus Manck, Linograptus Frech). Out of 
these forms, Cyrtograptus alone (fig. 10) has been studied more thorough- 
ly. Its cladogeny, i. e. the mode of secondary branching has been recently 
described by Thorsteinsson (1955). On this form we can check up the 
supposed dependence of the distance of given theca from the sicula 
and its shape. In the species studied by Thorsteinsson (C. rigidus var.) 
the thecae of the main stipe display normal morphological succession. 
In the proximal part they are more strongly bent and provided with 
longer apertural spines than distally. Similar relations likewise prevail 
in some other structural features of thecae. Thus thecal succession on 
the main stipe of the rhabdosome fits into graptolite type A, 2a — 
biform — (comp. p. 137), thecal shape being determined conformably 
with the stated above hypothesis on its distance from the original 
zooid. However, the shape of the first formed cladial thecae no longer 
agrees with this pattern. In shape the first cladial theca does not cor- 
respond to that in the first theca of the main stipe placed immediately 
behind the mother theca of the cladium, but it corresponds with much 
more distal thecae, hence being in a certain sense „retarded”. We are 
dealing here with two distinct phenomena. 1) According to Thorsteinsson 
(1955) and Bulman (1955, 1958) the formation of the cladium is some- 
what delayed. Before the first signs of growth of the first cladial 
theca, some 3—4 next thecae have appeared on the main stipe, and 
another 3—4 will have been added before the first cladial theca is 
completed. 2) Moreover the first theca of the cladium corresponds 
closely in shape with that of the theca simultaneously being produced 
on the main stipe though the latter is much more remote from the 
sicula than the former. Further thecal development on the main stipe 
and on the cladium is parallel and occurs at the same rate. In figure 
10 thecae joint by broken lines are those occurring on different branches 
of the rhabdosome, but budding very nearly simultaneously and closely 
resembling one another. Hence it may be supposed that it is not the 
distance from the original zooid, i.e. thecal position that determines 
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the shape of thecae in Cyrtograptus colonies, but the age of the colony 
as a whole, i.e. the time of budding (fig. 10). 


Fig. 10. — Diagram showing structure of a complex colony in Cyrtograptus 

Carruthers. Approximately contemporaneous thecae are connected by broken lines 

(A); B-D shape of proximal, medial and distal thecae shown diagrammatically; 

S sicula, I” lateral branches (cladia) of first order, II” lateral branches of second 

order; point where twisting of rhabdosome axis occurs indicated by arrow (from 
Bulman, 1958; redrawn with some modifications). 


In order to explain the first of the here mentioned phenomena, 
ie. that of delayed production of cladial theca, it should be noted 
that in Cyrtograptus the budding of the cladium originates indirectly 
through the tubular outgrowth of the aperture of one of the thecae 
in the main stipe. The tubular prolongation formed by it is the 
beginning of the first cladial theca. These facts probably indicate that 
he cladium is not produced by the stolon, but by way of budding 
from one of the thecae on the main stipe. This sheds some light on 
*he factors supposedly responsible for the "retarded” cladial budding 
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as compared with that on the main stipe. They may be the biological 
analogues of relations observable on the main stem and axillary shoots 
of plants. We are here dealing with a sort of dominance of the main 
stem over the axillary shoots (apical dominance; Child, 1915; Snow, 


1925, 1929; Thimann $z Skoog, 1933, 1934, fide Went $z Thimann, 1937, — 


1945)1*, 

The inhibition of the growth of axillary shoots by the main stem 
may be removed by the inhibition of the activity of the centre of 
dominance which is known to be in the growing tip. According to 
Thimann (1937) this inhibition process may be the direct result of the 


influence of auxins produced by the growing tip of the main stem, 


also partly of the diminished supply of food substances. In the writer's 
opinion this sheds some light on the mode of cladial generation in 
Cyrtograptus. The here noted phenomenon of retarded development of 
the cladium as compared with that of the main stipe was most likely 
due to a sort of biological inhibition referable to the dominance of 
the main stipe over those of the cladium. 


The background of the dominance may be found in the fact that 


the cladium which buds through the intermediary of the mother zooid 
has been supplied with a smaller amount of the active substances, 
perhaps of the nutritive too, than thecae on the main stipe which are 
directly interconnected by the stolon. The phenomenon that the first 
cladial theca corresponds morphologically to the simultaneously pro- 
duced thecae on the main stipe — inspite of being much nearer to 
the siculozooid — is readily explained by the inhibition of the develop- 


ment of the lateral branches. To a certain extent the cladium may be 


regarded as the lateral branch of a colony. In many plants (peas, beans) 
the simultaneous growth of two shoots is possible only when they grow 
at about the same rate and have the same physiological activity. 
Otherwise the growth of one of the shoots will be inhibited. Analogously. 


in graptolite colonies, the morphogenetic activity of the first cladial 


theca must have attained an equal level as that of the just then budding 
theca of the main stipe. In the first place the two zooids must have 
had at their disposal equal amounts of morphogenetic substances. These 
were correspondingly smaller than that controlling thecal growth of 


14 Close analogies have been ascertained in many colonial hydroids (e.g. 


Child, 1941, p. 319) simce, however, the physiological mechanism of dominance 
in these forms has not been thoroughly investigated, the use of plant analogies 
is here found to be more convenient. The experiments of Gast and Godlewski 
(1908) on the regeneration in the collonial hydroid Pennaria cavolinii of axial 
iragments provided with a cladium shows that the cladium may be subject 
to degeneration and a sort of resorption, while the tissue material of the 
cladium is used up for the growth of (the axial portion. This suggested the 
distinet physiological dominance of the axial portion over the lateral branch. 
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the main stipe situated at the same distance from the sicula as the 
first cladial theca. With stabilized level of the reaction ability of 
tissues, the reduced amount of hormones would act analogously as the 
appropriately increased distance from the siculozooid. The morpholo- 
gical analogies of the first cladial theca with that in the simultaneously 
produced thecae of the main stipe apparently suggest that at the time 
of budding the concentration of the morphogenetically active substan- 
ces was nearly the same in the ends of both branches. Hence the 
production of the bud for the cladium would probably be connected 
with the attainment of a certain equilibrium of the concentration of 
substances in the main and lateral branches. We have here an analogy 
'with relations in the growth of axillary shoots in pldnts and colonial 
.animals and the attainment of a certain equilibrium between the 
activity of growing tips displaying simultaneous growth (E*5*m plants. 
(Child 1915, et alii; in animals similar relations e.g. in Tubularia; Child 
Ś$z Watanabe, in Child, 1941). This concept correlates the asto- and 
cladogeny in Cyrtograptus with those in other monograptids, suggesting 
that similar shape of simultaneously budding thecae was caused by equal 
amount of morphogenetic substances available for these zooids. 

For the particular species of cyrtograpti, provided with several 
lateral branches (comp. fig. 10), their mutual spacing is a characteristic 
feature (Boućek, 1933; Bulman after Thorsteinsson, 1958). In C. radians 
.Tórnquist, a cladium is produced by every successive theca, in C. mancki 
Boucek — by every second one, in C. ramosus Boucek — by every 
third or fifth one!5. The distance of the first branch from the sicula 
is a constant specific character too. Spacing of the lateral branches 
of the rhabdosome, closer in scme species, more distant in others, seems 
to be a genetically controlled feature. Hence it seems reasonably sound 
[to claim that every lateral branch is so to say a centre of dominance 
jof secondary order affecting some part of the main stipe too. This 
would be an analogy with the *"correlation chains” occurring in the 
mbryonal development of animals, whose links are the successive 
organizers of decreasing orders (Śmalgauzen, 1938, fide 1946). It has 
been similarly ascertained that the axillary buds of plants, though 
themselves controlled by the main centre of physiological dominance, 
in turn exercise a dominance over the main stem preventing the for- 
iation of new axillary buds over a certain area (Child, 1915, 1941). 
elations similar to those between the main stipe and the lateral branch 
ji first order would occur between lateral branches of the first and 


15 According to Boućek (1933) in C. ramosus the distance between lateral 
brinches regularly increases distally. 
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secondary order in cyrtograpti provided with them. The complete 
Cyrtograptus colony, with a complex organization pattern, would then 
present an intricate system, self-regulating by way of complicated 
physiological gradients. 

Somewhat different relations must have occurred in forms where 
several independent centribranchiate stipes radiated from the sicula 
or the sicular region. To such forms are referable many representatives 
from the groups of Dichograptidae and Leptograptidae. Out of the 
monograptids, Linograptus Frech (Jaeger, 1959) and also to a certain 
extent Diversograptus Manck, may be referred to such forms. The 
latter is by many authors claimed to be a graptolite provided with 
two stipes independently radiating from the sicula (Manck, 1923; Boućek, 
1933; Bulman, 1938; Strachan, 1952; Bulman, 1955). Other authors, ŚR 
however (Boućek $ Piibyl, 1953; partly Jaeger, 1959), question this | 
standpoint. In these genera the thecae are straight, not distinetly 
differentiated (Linograptus), or again hooked, nearly homogeneous over 
the complete length of each cladium (e.g. the typical Diversograptus 
described by Strachan, 1952). They do not throw any new light on 
the here considered problem. In more thoroughly investigated Dicho- 
graptidae thecal succession on every branch is uniform, as if the colony | 
consisted of an assemblage of independent rhabdosomes, linked by the 
sicular region where bifurcation occurred. 

A phenomenon recently stressed by Jaeger (1959 in litt.) seems to 
be more interesting. It ascertains the occurrence of monograptid forms 
provided with a region of divergence from which divergence of thecae 
occurs in two opposite directions. This region, however, is not here 
the sicular region. The thecae and their succession are uniform in both 
directions. In this form, which might only provisionally be named 


virtually analogous in size and shape, and suggesting the lack of polarity 
caused by absence of sicula. 

Similar cases of the divergence of rhabdosomes have been noted by 
the present writer, among others in Lobograptus scanicus parascanicus 
(Kiihne). The divergence of rhabdosomes there are distinctly connected 
with the preceding damage, breaking off of a part oi the colony*t*. 

Of some interest is the occurrence in graptolites of rejuvenation - l 
among colonies of Dictyonema jlabelliforme (Eichw.), (Bulman, 1950), 
taking place during regeneration of damaged fragments of a colony. 
Rejuvenation is marked there by change of branching frequency ap- 


ii Such cases show evidently that the presence of sicula is not necessary for * 
the life of a colony and budding process, being however the factor determining $ 
the course of normal astogeny (comp. p. 152). i 
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proximating to that at the proximal end of rhabdosome. Such cases are 
to a certain extent out of the rule of gradients controlling the graptolite 
colonies. However, similar phenomena are observable during regene- 
ration of many living organisms where cut and wounded tissues disturb 
existing physiological patterns causing the formation of new gradients 
(comp. Child, 1941). One may expect here the mobilization of the 
amounts of active substance that have still persisted, possibly even 
a secondary stimulation of tissues to secretion and origin of a new 
gradient in spite of the old one. 


Changes in shape and in the mode of development 
of the rhabdosome 


While changes in thecal structure during astogeny may be readily 
accounted for by the morphophysiological gradient theory, those con- 
cerning the rhabdosome shape do not seem very easy to explain. la 
Dendroidea the shape of the colony is fairly distinctly defined by the 
number of branches, their mode of branching and of connection of one 
to another. In higher Graptoloidea the colony grows along the thin 
peridermal thread representing the virgula. According to Kozłowski 
(1948) the nema is formed inside a tubule built up of the soft 
extrathecal tissue membrane and coating the nema in the same way 
as the insulator envelops the electric wiring. This suggests the action 
of some factors whose biological effects resemble those determining 
the mode and direction of growth in plant shoots which we know to 
be controlled by the distribution of auxins (Overbeek, 1938; Shafer, 
1939). Changes in the distribution of auxins have a bearing on the 
growth direction of shoots. Similarly, curvatures of the nema or the 
'virgula might occur owing to changes in the distribution of morpho- 
jgenetic substances in the growing tubule of soft tissues coating the 
inema and in turn influence the shape of the rhabdosome. Similar 
factors may influence the growth direction of branches by affecting 
the position of the stolon and thus determining the mode of growth 
of branches as pendent, scandent or intermediary. 

Suggested physiological mechanism of changes in the growth direct- 
ilon of rhabdosome needs, for causal explanation of evolution, the 
support of some selective factor. According to Elles (1922) a rather 
'seneral tendency of numerous graptoloids trends toward attainment 
'0: a scandent direction of growth is to be seen in the protection of the 
tema "which is so vitally necessary in the life history of the organism. 
JFnus whilst in the earlier pendent graptolites this structure is left 


15 
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completely unprotected, the scandent forms even if uniserial protect 
it better” (p. 175). Bulman (1933), however, stressed that "although 
if it is regarded as an example of Darwinian selection, it must be 
admitted that the attalinment of the end was a remarkably slow process, 
conferring little advantage in its early stages, during which forms with 
an unprotected nema survived with*considerable success” (p. 316). The 
selective advantage in changes of growth direction of rhabdosome is, 
however, to be seen also, as it has been shown by Lapworth, in 
feeding-mechanism, probably more effective for animals provided with 
lophophore apparatus, directed toward the upper surface of the sea, 
and constituting a kind of a screen directed toward the source of 
nutritive particles. This may be a factor stimulating any, even small 
change in direction to erection of stipes. 

The mode of astogenetic development is an important morphological 
feature (Elles, 1922; later fully elaborated by Bulman, 1938, 1955). On 
the whole, the various types of colonial development are determined 
by: 1) mode of thecal budding — the number of alternating thecae 
and of crossing canals being generally increased during the evolution 
of graptolites; 2) growth direction of thecae and of branches — the 
progressive upwards growth being the general trend. In some trends 
gradual modifications in the mode of astogeny have been ascertained 
(Davies, 1928; Waern, 1948). 


In respect of the mode of budding some graptolites may be regarded 
as "biform”. They represent a "mixed condition” — proximal thecae 
alternate in origin, distal thecae are separated by median septum, 
forming two independent series. ”Non-septate” graptolites, with alter- 
nate type of budding throughout the rhabdosome may be regarded as 
"uniform" in respect of the mode of budding. These data suggest the 
possibility of manifestation of a certain sort of polarity responsible 
for differences in the budding of proximal thecae as compared with 
the more distal ones. The factor responsible for the alternating type of 
development would, in augmenting its effectiveness, increase the number 
of individuals displaying the alternating mode of budding. We might 
surely expect here the occurrence of a gradient associated with a kind 
of "threshold effect”. The decrease of the activity of a given factor 
below a certain threshold value would bring about, conformably to 
the "all or none” reaction, a rather abrupt passage from the alternating 
to the biserial type of development (comp. p. 185). The development 
of the rhabdosome seems to be also an expression of gradients governing 
the organization of graptolite colonies. 

The reduction of the number of individuals in graptolite colonies 
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is an interesting phenomenon of their evolution. In Bulman's opinion 
(1939, 1955) this is the general tendency in graptolite evolution. The 
number of individuals is supposedly the greatest in colonies of Den- 
droidea, the smallest in those of Upper Silurian Graptoloidea (Mono- 
graptidae). Urbanek (1958) has stressed that this seems applicable to 
the Lower Ludlovian forms examined by him with rhabdosomes shorter 
than those in the supposedly related Wenlockian fórms. Jaeger (1959), 
however, has pointed out that forms with extremely long rhabdosomes 
occur in the Upper Ludlovian besides those with moderately short ones. 
(Quite apart from the possible general tendency for a reduction of co- 
lonies in all graptolite trends this is particularly striking, however, 
in some trends. The family Corynoididae is a good example of this 
reduction, its representatives having a rhabdosome consisting of the 
sicula and 1—3 thecae only. The genus Nanograptus Hadding displays 
strongly reduced colonies too. 

It is interesting to note the relative increase of the size of the sicula 
accompanying the reduced number of individuals. In Corynites Kozl. 
it attains 4.0—4.5 mm, in Nanograptus 2.5—3.0 mm-7. 

Progressive structural modifications associated with the simultaneous 
reduction of the colonies sometimes occur also in the sicula which 
develops a complex apertural apparatus (Kozłowski, 1953, 1956, in 
Corynites). Cases of this kind, by Kozłowski called "colonial neoteny”, 
suggest that colonial growth has been here to some extent replaced by 
the growth and differentiation of its first individual, i.e. the siculozooid. 
The colonial organizer of the colony would at the same time become 
the reacting centre which might have had some bearing on the reduction 
of the colony. The physiological mechanism of these phenomena may to 
some extent resemble hereditary dwarfism in plants (Overbeek, 1935, 
1938) being an effect of the presence of some enzymes decomposing 
growth substances and causing strong decrease of their amount in 
tissues. The considerable use of similar substances by the growing 
siculozooid in graptolite colonies may have an analogous influence on 
the size of the whole colony. 

The reduction of the periderm occurring in some graptolite trends 
likewise agreees with the general laws governing the gradients. 
A vestigial membraneous periderm persists in the proximal thecae of 
many graptolites. In the next thecae this becomes discontinuous and 
fimally disappears completely (particularly so in Retiograptus Hall and 


17 In primitive Graptoloidea the length of the sicula ranges usually from 
1-2 mm. Only exceptionally it is below this figure (0.8 mm), occasionally being 
to to 3-4 mm, while the maximum length of siculae in Graptoloidea is 5 mm. 
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to some extent in Orthoretiolites Whittington, and Pipiograptus Whit- 
tington. These forms may be to some extent termed ”biform” in respect 
to the presence and absence of periderm in thecae of the same rhabdo- 
some. In Archiretiolites Eisenack the sicula only is provided with the 
periderm, while the remaining thecae have clathria only. In other 
forms the periderm becomes completely reduced throughout the rhabdo- 
some length ('unifotm” in respect to absence of periderm). We are here 
dealing with a gradual loss of the ability to produce periderm, the 
factor controlling this ability persisting longest within the proximal 
portion. This is an excellent analogy with the picture given by thecal 
succession in many graptolites (reduction of periderm is a "character 
introduced distally”), and must have been caused by similar factors. 

From our considerations it follows that graptolite colonies are 
characterized by a definite astogenetic succession of thecae hence also 
by probable differentiation of individuals of a colony; they may, the- 
refore, be interpreted as units integrated by the dominant influence of 
the sicular centre. Dominance would be realized through the spreading 
of active substances probably produced by the siculozooid, in nature 
very much like the hormones. The extent of modification of the parti- 
cular zooids would be correspondingly determined by the degree of 
concentration of these substances displaying its gradient along the rhab- 
dosome axis. 


IV. GENETIC ASPECTS OF THE ORGANIZATION OF GRAPTOLITE COLONIES 


Supposed genetic nature of graptolite colonies 


The supposed genetic mechanism in the evolution of graptolite 
colonies may be deduced from 1) the basic biological properties o: 
graptolite colonies, 2) the basic laws of genetics. Modern views (Ko- 
złowski, 1948) claim that a graptolite colony is represented by 1) the 
oozooid which is metamorphosed into the siculozooid, and 2) the remain- 
ing zooids, corresponding to blastozooids, i. e. produced in an agamic 
pattern by way of budding from the siculozooid. Considering that 
a graptolite colony owes its origin to agamie reproduction (budding) from 
a single zooid, the founder of the colony (siculozooid), it may be referred 
to as the "clone"”. Hence, genetically speaking, a graptolite colony is an 
assemblage of zooids all displaying the same genotype, that of the 
oozooid. This fact bears important genetic consequences. Namely, 
individual variability in graptolite colonies may only express the varying 
phenotypic manijestation of genetic factors, characterizing all the 
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individuals oj a colony, but cannot represent genotypic differences 
among the particular individuals of a colony; occurrence of somatie 
mutation in blastozooids as changes manifested by abrupt irregularity 
of thecal succession, is here neglected. Especially the regular morphologic 
succession of characters in biform graptolite colonies could only be an 
expression of the various degree of phenotypic manifestation of genes 
belonging to a genome common to all the zooids of a colony. 

Our earlier considerations have led to the conclusion that this 
phenotypic effect would be controlled by the amount of certain substan- 
ces produced probably by the siculozooid and distributed along the 
colonial axis. Hence this substance would supposedly have the properties 
of a "gene controlled substance”, i.e. it would be connected with the 
presence of genes acting as stimulators or inhibitors of some other genes 
(modifying genes). The action of these genes may be realized by the 
production of substances with properties like those of hormones. The 
view that genes are responsible for the production of enzimes, inhi- 
bitors or hormonal substances of varying morphogenetic effect, is an 
orthodox concept in genetics (Goldschmidt, 1938, and earlier; Waddington, 
1940; Needham, 1942; Wagner 8$z Mitchell, 1955). These facts are widely 
known in genetics, beginning with the classical experiments of Sturtevant 
(1920) on the inhibition of manifestation of mutation *vermilion" 
(changing the eye colour) in the gynandromorph of Drosophila under the 
influence of an ovary-produced substance, through thematically similar 
studies of Beadle and Ephrussi (compiled in Ephrussi, 1942), of Kiihn, 
Caspari 6: Plagge, 1935, et alii (compiled in Plagge, 1939) on factors 
controlling the pigmentation in Ephestia, and many others (comp. with 
the more comprehensive discussion in Waddington, 1940, Needham, 
1942). Hence it seems justifiable to admit that in graptolite colonies 
a hormone-like, diffusible substance was the factor modifying the 
manifestation of hereditary characters. 

The recognition that, in some cases, the morphogenetic substances 
spreading along the rhabdosome acted as stimulators and ir: others as 
inhibitors of the manifestation of certain aileles, coincides with data 
from the field of physiology and genetics. Indeed, it is often ascertained 
that even the same substance, depending on its concentration, may 
either act as a stimulator or as an inhibitor of certain processes (e.g. 
auxins in plants; Thimann, 1937). Moreover, modern genetics claim 
that the phenotypic manifestation of a given allele is controlled by 
a number of genes and depends on a whole genomme. Hence it may be 
expected that within various phylogenetic trends various factors con- 
trolled the mutual relations of alleles and of their modifiers, the latter 
acting either as stimulators or as inhibitors. 
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Waddington's views (1940, p. 62—65) suggest that the substance 
produced by the tissues of the siculozooid would be classified as 
a *localized gene effect”. The morphogenetic substance produced by 
definite tissues or organs would subsequently be ”"diffusely localized” 
or transported by "blood stream”, body fluid, and permeate the whole 
system ('permeating"). Analogous relations as those here accepted for 
graptolites have likewise been ascertained among insects Drosophila 
and Habrobracon. 

Moreover genetics have at their disposal a number of facts indi- 
cating considerable morphogenetic effects due to genetic changes which 
influenced the amount and distribution of such substances. In plants the 
general habitus is determined by the amount of produced auxins. This 
may be controlled genetically and cause e.g. dwarfism of plants (Over- 
beek, 1935, 1938). Similarly, the distribution of auxins may be subject 
to changes owing to mutations, resuliing in the formation of *lazy” 
varieties of maize (Shafer, 1939, Overbeek, 1938). Detailed discussion 
on the physiological significance of the growth and morphogenetic 
substances in plants is contained in works by Bunning (1953) and Tukey 
(1958). In view of the equally strong effect of substances on animal 
organisms (organizers, sex hormones etc.) there seems to be little doubt 
that such factors could also control the manifestation of some genetic 
factors in graptolite colonies. 

The astogenetie variability ol a definite morphological character in 
a graptolite colony would, therefore, express differences in the pheno- 
typic manifestation of the same genetic factor or factors. It would 
follow that these mutations had a particularly broad range of mani- 
festation controlled by environmental changes (amount of hormones!). 
Similar facts, however, concerning the varying degree and intensity 
of manifestation of definite substances, depending on environ- 
mental condition of "reaction", have been thoroughly studied in a ńum= 
ber of cases. Particularly adequate 'knowledge has been obtained 
concerning the effect of temperature (Harnly, 1936 a, b) on the shape 
and size of wings in the vestigial and pennant mutants of Drosophila, 
also on the temperature controlled number of eye facets of the bar and 
ultrabar mutants of Drosophila (Hersh, 1930, fide Goldschmidt, 1938; 
also comp. the discussion on ”termophenes” in Needham, 1942, and 
Wagner $z Mitchel, 1955). In Bonellia, the larvae are subject to powerful 
morphological modifications; under the influence of the hormone pro- 
duced by female proboscis they alter into dwarfed males. The degree 
of modification is controlled by the amount of the absorbed hormone, 
its concentration and the time which they spent on the proboscis 
(Baltzer, 1925, 1937, fide Hartmann, 1943). This fact illustrating the 
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phenotypic sex determination proves beyond doubt that zooids of 
graptolites too may have undergone powerful changes under the influ- 
ence of similar hormonal factors. 

The supposed evolutionary mechanism in graptolite colonies may, 
therefore, consist in genetic changes (mutations) affecting the activity of 
modifying genes, responsible for production of stimulating or inhi- 
biting substances, or in successive formation of a series of mutations 
correspondingly altering the morphogenetic properties of blastozooid 
tissues. Changes in the activity of genetic modifiers, e.g. decrease of 
inhibition, would be expressed by stronger phenotypic manifestation 
of characters in some members of the colony and by their mani- 
festation in an increased number of zooids. Thus, the expressivity of 
a definite gene, and, moreover, iis penetrance, would be changed in 
a population formed by a colony. Given the constant activity of mo- 
difiers the same effect will result from changed activity of major genes 
responsible for changes in the phenotypic manifestation ability of 
tissues. E.g. a mutation series of a gene or genes forming a series of 
changes characterized by increasing phenoiypic manifestation ability 
of tissues, will result in approximately similar morphological effects 
as a mutation series of inhibiting modifiers, characterized by successively 
decreasing activity in production of inhibiting substance. Both these 
factors might have a decisive bearing on the mechanism of gradual 
changes of colonial organization. 

Evolutionary changes in graptolite colonies are, therefore, expressed 
in two ways: 1) by changes of the degree of manifestation of definite 
characters in the particular zooids of a colony and, at the same time, 
by 2) changes in the number of individuals in which a definite character 
is on the whole phenotypically expressed. Since all individuals are 
genotypically identical, these differences are a consequence of changes 
in the phenotypical manifestation of same factors. Hence, the evolution 
of graptolite colonies is conveniently described by using the terms 
"expressivity' and 'penetrance'. They have been introduced 'into 
genetics by Timofćeff-Ressovsky (1931 and earlier) and excellently 
characterize the various effectiveness of the phenotypic manifestation 
of genetic factors'*. The process of spreading or progression of a new 
character (thecal form) along the rhabdosome (comp. p. 139) so many 
times described from evolutionary graptolite series, would, genetically 
speaking, merely be an expression of increasinż penetrance of cor- 


18 After Needham (1942) these terms might be defined as follows: "penetrance 
-- the percentage of animals carrying the genes which manifests its effects 
'percentage of phenotypic effect); expressivity — the extent to which an animal 
zarrying a gene and showing it is affected by it (the relative severity of the effect)”. 
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responding genetic factors. Actually a colony is an assemblage o* 
individuals whose genotype is provided with the same genetic factors. 
In biform graptolites some of those factors are phenotypically mani- 
fested in a part of the individuals only. Hence we may here speak of 
incomplete penetrance of the corresponding genetic factors. In the 
evolution of many phylogenetic trends we may note that these factors 
are phenotypically manifested in a progressively increasing number of 
individuals of a colony. This is the phenomenon of increasing penetrance 
of corresponding factors. Uniform graptolites, produced by these pro- 
cesses, represent forms with complete penetrance of corresponding 
genetic factors. 

During graptolite evolution another process is observabie, namely 
that of changes in the extent of phenotypical manifestation of a charac- 
ter (e.g. that of the degree of apertural curvature of hooked thecae, of 
the degree of overlap of apertural processes or of their asymmetry). This 
is a process of changes of the expressivity of corresponding genetic 
factors. 

In graptolite evolution these two phenomena are distinctly linked. 
We may always observe here a connection in the spreading of definite 
characters over a greater number of individuals of a colony (increase of 
penetrance) and the increase of maximum and mean degree of their 
phenotypic effect (increase of expressivity). In graptolite colonies the 
two phenomena are distinctly correlated and expressed according to 
the spatial pattern of the colony determined by the occurrence olf 


a defined gradient-system. In graptolite evolution penetrance as well as 


expressivity are functions oj dejiniie morphophysiological gradients. 
These are believed to be an expression of the morphogenetic activity 
of definite genes. In solitary organisms there is no such close correlation 
of the penetrance and expressivity of definite factors. On the whole, 
however, strong penetrance is usually associated with strong expres- 
sivity of definite genes (Timofćeff-Ressovsky, 1934), though cases of 
distinct independence of these phenomena have been observed displaying 
high penetrance and low expressivity or the other way about (Timo- 
fćeff-Ressovsky, 1931, 1934). On the other hand, in solitary organisms 
we know also genes with mutually linked penetrance and expressivity 
gene "cryptocephal” in Drosophila; Hadorn, 1955). In graptolites genetic 
changes are manifested so as to suggest a definite spatial pattern. In 


Fig. 11. — Diagram illustrating: A-C spreading of a new thecal type introduced 

proximally into the rhabdosome, and theoretical interpretation of this process, 

D-F spreading of a new thecal type introduced distally into the rhabdosome, and 
theoretical interpretation of this process. Further explanations in text. 
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populations consisting of free-living individuals these processes will 
usualiy lack any spatial pattern**. 

The evolution through gradual changes of penetrance and expres- 
sivity seems to be the main way of phylogenetic modifications in 
graptolite colonies. But some known cases do not exclude that parti- 
cular characters may be manifested simultaneously in all individuals 
of the colony. This is suggested e.g. by the structure of asymmetric 
thecae in Lobograptus scanicus parascanicus (Kiihne) marked by small 
hypertrophy of the right apertural lobe. No distinct differences in degree 
of asymmetry is noted between proximal and distal thecae. This form 
may be regarded as illustrating full penetrance with low and nearly 
equal expressivity of a factor determining the asymmetry. * Nothing 
can be said presently whether this character was introduced proximally 
or distally. 

The trend of our considerations 1s diagrammatically illustrated in 
fig. 11 A-B, representing two successive evolutionary stages in a lineage 
in which apertural processes have spread out gradually*". This character 
was introduced proximally into the rhabdosome. In the ancestor it was 
manifested in some proximal thecae only — A (biform), while in the 
descendant it spread out over a considerably greater number of thecae 
and its manifestation was correspondingly stronger in proximal thecae — 
B (nearly uniform). These changes are explained in diagram C. The 
curve (thick unbroken line) illustrates the gradient of morphogenetic 
substance produced by the siculozooid and acting as a stimulator for 
the considered character. At a certain point this curve intersects the 
straight line (thin unbroken line) representing the threshold level below 
which the concentration of the stimulator is no longer strong enough 
for a phenotypic manifestation of the corresponding character. 

The relations shown in fig. 1l B may be interpreted as effect of: 
1) the increasing activity of the stimulator (thick broken line), or, when 
the stimulator keeps a constant level, 2) by the increased activity of 
corresponding genes intensifying the reaction ability of tissues. This 
last character would be expressed by a lowering of the threshold level 
(thin broken line) i.e. by decreasing amounts of the substance necessary 
for phenotypic manifestation of the given character. 

A character introduced distally into the rhabdosome is shown dia- 


19 These differences are not absolute and sharply delimited as is shown by 
numerous ecologic and geographic gradients (clines), also by others on a different 
scale, i.e. gradients of sexuality in the assemblages of gastropod Crepidula 
(Hartmann, 1948) etc., which, to a certain extent, are effects of the spatial pattern 
in populations of solitary organisms. 

0 The diagram is based on the evolution ascertained within the group of 
Saetograptinae (M.colonus and M.chimaera). Certain details have been here. 
simplified for the sake of better clarity (comp. p. 187). 
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grammatically in fig. 11 D-E*!. Fig. 11D represents the ancestral 
form displaying thecal asymmetry within the distal part of the rhabdo- 
some only (biform). This stage is interpreted in diagram in figatkkzi 
The curve (thick unbroken line) represents the gradient of morphoge- 
netic substance produced by the siculozooid, which behaves like an 
inhibitor. 
„Fig. 11 E shows a more advanced evolutionary stage represented by 
a form with thecae more or less asymmetrical throughout the rhabdo- 
some length and whose expressivity is correspondingly increased distally 
(uniform). Two alternative interpretations are here suggested: 1) di- 
minished activity of the inhibitor (thick broken line): or, when the 
| inhibitor is at a constant level, 2) increased activity of the corresponding 
. genes expressed by a rise of the threshold level, i.e. an increase of the 
minimum amount of substance necessary to inhibit. the phenotypic 
manifestation of the corresponding character (thin broken line). In both 
cases the distribution pattern of the given thecal character and its 
expressivity are controlled by respective relations of the curve of the 
gradient decrease and of the threshold value. 

An appropriate form of phenotypic manifestation of mutations is 
supposed to occur in graptolite colonies in connection with their morpho- 
physiological organization evidently characterized by polarity. This mani- 
festation shows regular gradient along the rhabdosome axis. If the 
penetrance of corresponding genetic factors is incomplete, certain cha- 
racters are manifested within the colony in a mode indicating a definite 
spatial pattern, without being randomly dispersed within the colony. 

| The manifestation of a given character is initially strongest in the 
proximal or distal end of the rhabdosome, gradually fading away to- 
wards the opposite end of the colony. The first of the just mentioned 
alternatives seems to be distinctly more frequent than the other one. 
Nevertheless it may reasonably be expected that in future we shall 
obtain more material illustrating the introduction of new characters 
| first afiecting the distal end, and gradually spreading over the pro- 
ximal portion. 


Regularities of evolutionary changes m 
graptolite lineages and their genetic signijicance 


The here suggested hypothesis for the probable genetic mechanisms 
ia the evolution of graptolite colonies calls for verification by actual 


21 The diagram is based on evolution ascertained within the group of Cucul- 
|legraptinae. Certain details have been modified for the sake of better clarity 


((6omp. p. 176). 
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palaeontological evidence. Though the majority of the studied graptolite 
trends is hypothetical, indeed, even speculative owing to our imperfect 
knowledge thereof, nevertheless the available material supports this 
concept. Here below the writer states some more thoroughly examined 
facts accompanied by conclusions resuiting from their analysis. 
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Fig. 12. — Diagram showing evolution of *triangulate monograptids” in lower 


part of Pristiograptus gregarius zone (lower Llandovery, Rheidol Gorge). Note 

the considerable modifications of thecae in the lineage leading from Monograptus 

triangulatus separatus Sudbury to Rastrites longispinus (Perner). A-S successive 
bands of layers in section (from Sudbury, 1958; specific names actualized). 


a) Evolution of *triangulate monograptids” 


The evolution of this group is well known thanks to the investi- 
gations carried out by Elles (1922), Bulman (1953, 1951) and parti- 
cularly so from Sudbury's paper (1958). In a very abbreviated form 
the results of' these investigations may be summarized as follows: 
gradual changes leading from monograptids provided with triangulate 
distal thecae and rastritiform proximal thecae?2 (biform) toward grapto- 


22 Such forms have been by Eisel (1911) separated into the genus Demira- 
strites (comp. with remarks on p. 206). According to Bulman (1933) and Sudbury 
(1958) such forms as the here belonging biform M. triangulatus and its varieties 


come from forms (not adequately known) with triangulate thecae throughout the 
rhabdosome (uniform). 
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lites with rastritiform thecae throughout the rhabdosome length (uni- 
form), (Rastrites), has been ascertained in succession. The modern 
investigation approach adopted by Sudbury has, however, permitted 
to distinguish a number of independent lineages differing in the 
direction and rate of changes. One of the trends determined by Sudbury 
(fig. 12) from her so called group ”A” "extends from this form?3 
through M. triangulatus triangulatus (Harkness) and M. triangulatus 
extremus Sudbury to Rastrites longispinus (Perner) implying the change 
from a biform monograptid to a uniform one by way of more extreme 
biform types. These forms are each different from their ancestor in 
two ways: a) in having a greater number of rastritiform thecae, and 
these thecae being more rastritiform; b) in a slight degree of modifica- 
tion of the distal thecae in the same *”rastritiform" direction, so that, 
although the alternation is most marked at the proximal end, each 
stage really shows a modification acting on the whole rhabdosome, 
rather than a simple progression of a new character from the proximal 
to the distal end” (1958, p. 529). And further: „A second line of evo- 
lution occurs higher in succession where M. triangulatus separatus 
Sudbury is believed to rise to M. triangulatus fimbriatus (Nicholson). 
Here rastritiform characters of the earlier thecae are lost and they are 
all triangular. Again the biform M. triangulatus separatus Sudbury has 
produced a uniform type, but the evolution has been in the "opposite" 
direction — the proximal thecae have lost their distinctive characters 
and have come to resemble the distal thecae” (1950, p. 529), (comp. 
fig. 12 and fig. 1D, B of the present paper). 

Group ”B” distinguished by Sudbury is represented by several 
trends, the general direction of their evolution being thus defined by 
that author: "the dominant trends which can be seen in these series 
are as follows: 1) loss of overlap in the proximal or in all thecae, 2) 
increase in the angle of inclination of the thecae to the rhabdosome 
accompanied by either a) increase in the amount of overlap, or b) com- 
plete loss of overlap, 3) reduction in the number of proximal elongated 
thecae in forms where all overlap is first lost, 4) hooked thecae spread 
along the rhabdosome, 5) increased dorsal curvature of rhabdosome, 
6) a tendency in some cases for the thecae to become transversely 

| expanded at the aperture” (1958, p. 538—539). 

The picture of astogenetic evolution in 'triangulate monograptid” 

'eolonies given by Sudbury fully coincides with our previously sug- 


28 Monograptus triangulatus separatus Sudbury. This and the following spe- 
(c:fic names have been actualized according to Sudbury's note published in the 
|Ceol. Magazine, vol. 96, 2, 1959. 
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gested concepts. The evolution of the first mentioned trends of group 
"A? (fig. 12) may be interpreted as expressing increased penetrance 
of genes controlling the *rastritiform” shape of thecae associated with 
more strongly marked phenotypic manifestation of these characters 
(expressivity). This process may be understood if we accept that 
within this evolutionary trend the substance produced by the siculo- 
zooid acted as a stimulator of the phenotypic manifestation of the 
genes controlling the 'rastritiflorm" shape of thecae. Hence the evo- 
lution here would consist either 1) in progressively increased aetivity 
of the stimulator, or 2) in progressively increased activity of the gene 


controlling the ”rastritiform' shape of thecae, or finally 3) in both. 


these processes. 

Somewhat different relations are suggested by the second line of 
evolution in group ”A”. Here the most likely hypothesis would be that 
the action of the stimulator produced by the siculozooid had notably 
decreased or that reverse mutations had occurred reducing the activity 
of the gene controlling the *rastritiform" shape of thecae. 


The main evolutionary trend in Sudbury's group ”B*” consists fore- 
most in the spreading of hooked thecae from the proximal end onto 
the following thecae. This is a typical case of the spreading of a new 
character introduced proximally. The occurrence of divergent directions 
in some other characters supports, however, the supposition that 
spreading of hooked thecae in particular lineages was due to somewhat 
different factors and that it was stimulated probably through a different 
complex of genes in each phylogenetic trend. 


_b) Evolution of Cwcullograptinae 


Sudbury's materials are of notable significance since they permit 
to trace over a relatively long span of time evolutionary changes in 
the structure of colonies of immediately allied forms. Some restrictions, 
however, have been imposed by the state of preservation, since it has 
been possible to ascertain the nature of shape-affecting changes in 
forms which have preserved as casts or in semi-relief on the surface 
of rocks. More suitable in this respect is the material etched by che- 
mical treatment from rocks, mostly boulders of Scandinavian origin?*, 
and lime intercalations in some bore-cores. Fairly numerous forms 
recovered from these boulders have been described and their morpho- 
logy thoroughly investigated. An adequate knowledge of the fusellar 


24 The monograptids contailned in them are, with some exceptions, Lower 


eny > in age and come mostly from two graptolite zones (nilssoni and 
scanicus). 
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structure, including that of minor details in the structure of thecal 
apertures, makes this material particularly suitable for genetic analysis. 
Unfortunately, the stratigraphic sequence of these forms can be only 
roughly established. Consequently we must handle here certain morpho- 
logical series whose stratigraphie succession is not known in all details. 
In spite of these deficiencies the material available to the present 
author has often proved highly valuable. 


The subfamily Cucullograptinae Urbanek, 1958 (fig. 13) seems to 
be one of the most interesting monograptid groups recovered from 
erratic boulders. All the forms belonging here are on the whole cha- 
racterized by a common type of astogeny. They have long, thin, tubular 
proximal thecae, with long prothecae and very short metathecae: in 
the course of astogeny they widen out successively, being provided 
with a sigmoidal ventral wall and a considerably longer metatheca. The 
forms here referred have the apertural processes fundamentally similar, 
consisting in simplest cases of two lateral lobes made up of arcuately 
curved fuselli. During the evolution of this group, however, these 
processes were subjected to various modifications; therefore, the par- 
ticular species and their groups belonging here are characterized by 
strong modifications (comp. genera Lobograptus Urbanek and Cucullo- 
graptus Urbanek). The elaboration of asymmetry is an interesting evo- 
lutionary process in this group. Besides the most recently discovered 
forms, with symmetric apertural lobes (fig. 13 A, B) as the primitive 
Lobograptus simplex n. sp. and somewhat more specialized L. exspec- 
tatus n. sp., other forms are known with different degree of hypertrophy 
of the right lobe (Lobograptus scanicus parascanicus (Kiihne), (fig. 13 C), 
and L. scanicus scanicus (Tullberg), (fig. 13 D) (comp. note on p. 218). 
Within another evolutionary trend (Cucullograptus) we note hypertrophy 
of the left lobe and dystrophy of the right one (C. pazdroi Urbanek, 
fig. 18 H) or even its atrophy (C. aversus Eisenack; fig. 13 F, G). In all 
these forms thecal structure and their astogenetic succession are funda- 
mentally similar, hence there is little doubt that they are products of 
the divergence of a common ancestral form, or group of closely allied 
forms, who had symmetric paired apertural lobes throughout the 
rhabdosome. 

The present writer has lately succeeded in etching out from erratie 
|boulders a form corresponding to the above supposed picture. It repre- 
tsents a new species which the writer proposes to name Lobograptus 
's'mplex n. sp. The overall thecal structure and astogenetic succession 
e: thecae leaves no doubt but that it is a primitive representative of 
(Cucullograptinae (comp. fig. 13 A, 14 4, 19, 20, and pl. I). The structure 


56 Actą Palaeontologica Polonica — vol. V/2 12 


178 ADAM URBANEK 


Fig. 13. — Diagram illustrating supposed relationship and astogenetic succession 
of various Cucullograptinae. For each species or subspecies sicula with th 1, 
proximal and distal thecae are given. Based on the present writer's material, 
unless otherwise stated. A Lobograptus simplex n.sp., B L.exspectatus n.sp., SĄ 
C L.scanicus parascanicus (Kiihne), D L.scanicus scanicus (Tullberg), sicula after 
Walker, 1953; E Cucullograptus hemiaversus n.sp., F C.aversus aversus (Eisenack), 
after Eisenack, 1942; G C.aversus rostratus n.subsp., H C.pazdroi Urbanek. At the 
top of F and G magnified simple thecae are given to show differences in the 
structure of apertural apparatus. 
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of the apertural apparatus is particularly interesting. It consists of two 
lateral lobes made up of arcuately curved fuselli and somewhat over- 
lapping the aperture. These lobes are of the same size, and do not touch 
with its free margin, each being separated from the lobe on the opposite 


Fig. 14, — Comparison of apertural apparatus of thecae occupying approximately 
the same position in rhabdosome: A Lobograptus simplex n.sp.. B L.exspectatus 
n.sp. C€ Cucullograptus hemiaversus n.sp., D C.aversus rostratus n.subsp.; 1 right 
side view, 2 left side view. Increase in size of left lobe, its growing overlap and 
rudimentation of the right lobe (4, C, D), approx X 50. 


side by a distinct fissure (comp. fig. 19 D). Hence no asymmetry pattern 
is observable. This fact and the fusellar structure of lobes indicate that 
forms characterized by hypertrophy either of the right or of the left 
lobe may both be traced back to the just described form. This latter 
'view has been confirmed by the discovery by the present writer of 
«a form which is intermediate between Cucullograptus aversus (Eisenack) 
iand Lobograptus simplex n. sp. with symmetric apertural processes (fig. 
13 E). Forms thus far described may be arranged in a fairly continuous 
iphylogenetic trend whose particular links represent successive stages 
(of astogenetic modifications. 


1. Lobograptus simplex n. sp. — a form provided throughout the 
Irnabdosome with wholly symmetric apertural lobes, made up of arcuately 
teurved fuselli (fig. 13 4). 

2. Cucullograptus hemiaversus n. sp. — a form in which the prox- 
imial thecae are with nearly symmetric apertural lobes, while the follow- 
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ing thecae display gradual succession expressed by hypertrophy of 
the left lobe becoming more or less hood-like and dystrophy of the 
right one (increase of asymmetry). In the successive thecae the left 
lobe overlaps the right one which is subjected to partial rudimentation 
forming a notch on the ventral margin (fig. 13 E). 

3. Cucullograptus aversus aversus (Eisenack), (Eisenack, 1942) — 
a form in which thecae on the whole rhabdosome are provided with 
the left apertural lobe only. This strongly overlaps the right side of 
theca, while the right lobe displays atrophy and forms only a narrow 
lip extroverted from apertural margin and covered by left lobe (fig. 
13 F). 

4. Cucullograptus aversus rostratus n. subsp. (described by Urbanek 
(1954, 1958) as Cucullograptus aversus). — From the typical form it 
differs in stronger overlap of the left lobe, the free margin of this lobe 
being folded, and in the presence of an outgrowth on the left lobe 
in medial and distal thecae representing a further stage in the de- 
velopment of the left lobe (fig. 13 G). 

Morphological differences between Lobograptus simplex n. sp. and 
Cucullograpius hemiaversus n. sp. are stronger than those occurring 
in the other members of that lineage. It is not out of the question that 
new forms will be discovered in the future which will fill up a certain 
discontinuity between these two species?5%. Even now, however, the 
presence of symmetric forms intergrading between symmetric Lobo- 


graptus and Cucullograptus aversus suggests that evolution here would | 


consist in the gradual increase of asymmetry and the associated modi- 
fications of the apertural apparatus. 


This conclusion is apparently confirmed by stratigraphic data (comp. 
also Appendix, p. 211). Lobograptus simplex n.sp. occurs in an assem- 
blage suggesting the scanicus zone, as currently defined, most probably 
its lower horizons or boundary with the nilssoni zone. Cucullograptus he- 
miaversus n.sp. occurs in an assemblage suggesting the scanicus zone 
(presence of chimaera group), but the lack of true scanicus in its 
assemblage may suggest rather higher horizons of this zone. This is 
confirmed by the fact that in a bore-core (deep-boring Mielnik, Eastern 
Poland) forms determined as C. cf. hemiaversus and preserved in semi- 
-relief on rock surfaces occur at depth of 953 m, just above the top of the 
scanicus zone as currently defined. Zone of occurrence for Cucullo- 


. 25 German palaeontologists Dr W. G. Kiihne and Dr H. Jaeger (Berlin) are 
l1 possession of material representing similar amd identical fomms which, to 
a certain extent, probably complete the here presented picture of the evolution 
of the Cucullograptinae. 
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graptus aversus aversus (Eisenack) cannot be determined more precisely; 
it was described by Eisenack (1942) in association with Pristiograptus 
jrequens Jaekel, being most probably a junior synonym of Pristio- 
graptus dubius (Suess), (comp. Kiihne, 1955). Scarcity of associated 
forms in erratic boulders and lack of scanicus also suggest a horizon 
above the true scanicus zone. Still higher horizons are suggested for 
Cucullograptus aversus rostratus n. subsp. which was found in limy 
intercalations in the core of deep-boring Mielnik, at depth of about 
920—925 m, approx. 9 m above the zone of occurrence of M. cf. leint- 
wardinensis (Hopkinson), and 15 m above the last appearance of 
Saetograptus chimaera cf. salweyi (Hopkinson), and some 30—35 m above 
the scanicus zone proper! The stratigraphic succession of these forms, 
although their first appearance cannot be fixed precisely, seems to 
fully agree with the postulated morphological sequence?*, 

Hence in this group evolution consisted in gradual modifications 
of thecae and in astogenetic changes. Only slight morphological diffe- 
rences of the 3 successive members of that trend (2—4) suggest that 
we are dealing here with a continuous evolution (*"gleitende Evolution"). 
A continuity of evolution is indicated also by small but distinct diffe- 
rences existing between populations of Cucullograptus aversus rostratus 
n. subsp. from particular samples: degree of overlap, size and bending 
of outgrowth on left lobe, slight increases in populations from boulders 
S. 121 and S. 205, the expressivity of these characters being the strongest 
in sample from bore-core Mielnik, at its higher horizons (comp. p. 217). 
The morphological differences of the particular forms here regarded — 
conformably with the accepted practise — are ranked as corresponding 
to specific or subspecific level. The question whether they are to be 
recognized as separate species or subspecies only is a purely academic 
problem without any real bearing on the here considered matter. 

Forms representing these successive evolutionary stages are expres- 
sed by: 1) spreading of asymmetric thecae characterized by hypertrophy 
of the left lobe, from the distal to the proximal end of rhabdosome 
(character introduced distally); 2) stronger expression of characters of 
'these thecae manifested by increasing maximal degree of overlap and 
'folding of the free margin of the left lobe; 3) dystrophy or reduction 
(of the right lobe, depending on the degree of hypertrophy of the left 
llobe; 4) further development of the left lobe, expressed by formation 
(6! an outgrowth on this lobe in distal thecae of Cucullograptus aversus 


26 Distribution of remaining Oucullograptinae cited above may be defined 
sas the scanicus zone, or probably this zone. 
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rostratus n. subsp. The latter character is lacking in proximal thecae, 
being evidently introduced distally into the rhabdosome. 

An analysis of morphological changes and of astogeny in this evo- 
lutionary trend of monograptids leads to interesting conclusions as to 
the probable nature of genetic changes. It provides convincing evidence 
proving that the evolution of graptolite colonies occurs in way of 
increased penetrance and expressivitliy of genetic factors among indi- 
viduals of a colony. The more strongly asymmetric are thecae, the 
greater is the number of individuals in a colony affected by it. Within 
the Cucullograptinae group colonies primarily consisted of symmetrie 
thecae only (Lobograptus simplex n. sp.; fig. 134, 144), ("uniform"), 
later asymmetric thecae appeared in the distal and medial portion 


(Cucullograptus hemiaversus n. sp. — *biform” — incomplete pene- 
trance), (fig. 13E, 14C), subsequently to involve the whole rhabdosome 
(C. aversus — "uniform — complete penetrance), (fig. 13F) and again 


secondarily "biform' through the presence of outgrowth on left lobes 
in more distal thecae of C. aversus rostratus n. subsp. being a new 
character introduced at distal end of rhabdosome (fig. 13G, 14 D). The 
maximum phenotypic effect increased simultaneously, e.g. the extent 
of overlap of the free margin in the left lobe and its folding in given 
thecae increases in a number of these forms (comp. fig. 144, C, D), 
ie. the expressivity of the character grows stronger. 

Similar relations have been ascertained by Sudbury (1958). Within 
a group of species passing from M. triangulatus separatus Sudbury to 


Rastrites longispinus (Perner) we may observe a gradually increasing - 


number of rastritiform thecae in which the rastritiform character 


becomes progressively more strongly manifested. The more strongly 


rastritiform are the thecae, the greater is the number of individuals 
in a colony manifesting this character (fig. 12). 

In the lineage of Lobograptus scanicus, however, thecae do not dis- 
tinctly differ in degree of their asymmetry. These forms may be 
regarded as neariy uniform in this respect and representins full pene- 
trance and rather low expressivity of factor determining asymmetry. 
Nothing can be presently said whether hypertrophy of the right aper- 
tural lobe was a character introduced proximally or distally (comp. 
also p. 172). 

An analysis of development of the asymmetrie Cucullograptinae 
suggests further interesting genetic implications. The asymmetry in 
the lineage of Cucullograptus aversus results from hypertrophy of the 
left apertural lobe. The right lobe is subjected to rudimentation de- 


termined by the size and degree of overlap of the left lobe onto the 
right one. | 


kac 
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We are probably dealing here with antisymmetric manifestation of 
determined genetic factors. These are supposed to consist in such 
phenotypic manifestation whose oceurrence in one of the antimeres 
excludes the occurrence of effect in the other antimere (Timofeeff-Res- 
sovsky, 1934). In Cucullograptinae, however, we are dealing not only 
with antisymmetry which excludes the bilaterally simultaneous mani- 
festation of the given factor, but also with determined antisymmetry 
which causes the given character to affect a determined antimere only. 
This consists of hypertrophy either of the right side of the zooid alone 
(Lobograptus scanicus) or of the left side (Cucullograptus). In the pre- 
sence of two, symmetrically placed lobes, this factor has the potential 
ability of bilateral manifestation, actually however it affects one of 
the lobes only. We must infer that different factors determining the 
symmetry type and the mode of the manifestation of mutations must 
have occurred in the above mentioned phylogenetic trends. The whole 
genotype, probably substantially different in the two groups, may be 
regarded to represent these factors. Genetic data indicate that the mode 
of manifestation of determined genetic factors in relation to symmetry 
is controlled by hereditary factors (Astauroff, 1929; Timofeeff-Ressovsky, 
1934) and may be altered under the action of artificial selection. This 
throws some light on the supposed genetic mechanisms which have 
determined the type of antisymmetry that has stabilized within the 
particular trends of Cucullograptinae. 

From the morphophysiological viewpoint it is most probable that 
the asymmetric structure of the apertural apparatus in Cucullograptinae 
reflected the asymmetric shape of the soft organs of the zooid, parti- 
cularly so of the lophophore arms. When comparing these processes 
with similar ones in living organisms we see that reduction of a certain 
number of analogous organs is in most cases compensated by hyper- 
trophy of the remaining ones which complement their physiological 
function. An interesting illustration of this phenomenon is provided 
by hydrozoans in which the number of tentacies may be reduced to 
two or even one (Lar sabellarum and Monobrachium parasiticum; Dogel, 
1954). Organs subjected to numerical reduction (oligomerization) may, 
subsequently, be subjected to secondary compensating development, 
»polymerization”, hypertrophy or ramification (Dogel, 1954). The most 
| likely hypothesis here would be that claiming the occurrence within 
Cucullograptinae of mutations responsible for some degree of reduction of 
the lophophore. These mutations occurred either on the left side (Lobo- 
graptus) or on the right side (Cucullograptus) causing a correspondingly 
'eompensating hypertrophy of the opposite side of the lophophore. 
Depending on the varying "gene environment” in which they were 
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expressed or on their different character in the particular phylogenetic 
trends these mutations were more or less strongly manifested either on 
the left side (Lobograptus) or on the right side (Cucullograptus). This 
would be an expression of pseudopleiotropy, i.e. the effect of mutations 
on a number of correlated characters. Actually it could only be the 
expression of certain regulating processes manifested during the growth 
of the zooid. In that case, atrophy of the right lophophore would result 
in correspondingly strong hypertrophy of the right lophophore in order 
to accommodate it (lineage of C.aversus). The whole complex, therefore, 
of modifications affecting the apertural apparatus would be the result of 
one mutation with strong 'pleiotropic” activity. This may be explained 
as a chain of mutually linked correlations, in which changes of one organ 
cause the corresponding changes in another organ (5malgauzen's morpho- 
genetic correlation, 1946)*7. 


c) Modifications of astogeny in diplograptids 


A most interesting picture of directional changes is provided by 
phylogenetic series known in numerous diplograptid lineages with 
gradually modifying thecal budding. The most suggestive observations 
made by Davies (1929) and Waern (1948), (comp. p. 164), will be here 
discussed and interpreted more at large. 


Davies has with some details described this process in Glyptograptus 
aff. persculptus (Salter). Mutations of this species collected from suc- 
cessive horizons of the Ystradffin section, Carmarthenshire (Wales), are 
represented by forms in which the median septum is gradually 
shortened on the reverse side, while the number of thecae with 
alternating budding is consequently increased. Davies” data are 
diagrammatically shown in fig. 15. On the X-axis thecae are shown at 
whose level the median septum begins in the successive mutations. 
The first 5 mutations are represented by forms from Ystradffin 
(Glyptograptus persculptus zone), the 6th by one from Torver Beck 
in the Lake District. These mutations represent forms with different 
degree of biformism in respect of the mode of budding. However, in 
the top of the higher zone with Akidograptus acuminatus (Nicholson), 
Davies has noted the presence of forms (mut. omega) probably lacking 
the median septum (uniform in respect of the mode of budding). 

The resulting morphological and stratigraphic succession is a very 
suggestive one. The successive mutations are characterized by an in- 
creasing number of alternately budding thecae and a corresponding 


RU A detailed analysis of the structure of forms belonging here and of 
their evolutionary changes will be given in the writer's paper just preparing. 
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shortening of median septum on the reverse side (fig. 15). This character 
was introduced proximally and gradually spread distally in a series 
of forms constituting the successive evolutionary stages, suggesting 
a certain polarity of the rhabdosome in this respect too. The activity 
of the factor controlling the alternate budding of thecae was gradually 
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Fig. 15. — Interpretation of progressive shortening of median septum in the 

lineage of Glyptograptus aff. persculptus (Salter), (data after Davies, 1929). In 

6 successive zonal mutations median septum begins at the point where effecti- 

veness of corresponding morphogenetic factor decreases below the threshold 
value (line parallel to X-axis). Further explanations in text. 


increased in the evolutionary lineage. Values indicated in the Y-axes 
in fig. 15 are proportional to their morphological effects, i.e. to the 
number of alternating thecae, and at the same time represent the 
relative activity of factors determining the mode of budding. In 
graptolite colonies the factor responsible for the mode of budding would 
display a certain gradient along the rhabdosome. Where the amount 
of the required substances drops below a certain threshold level (thin 
line parallel to the X-axis), two independent thecal series are supposed 
to begin, separated by the median septum. When the activity of genetic 
factors is sufficiently strong, the rhabdosome will be aseptal throughout 
ts length (broken uppermost line). | 
The observations of Waern (1948), based on data from the Kullatorp 
boring, Kinnekulle in Vestergótland, Sweden, are very much analogous. He 
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has ascertained that *Climacograptus scalaris v. transgrediens forms 
a transition between Cl.scalaris v. normalis and Cl.medius with regard 
to the time of its appearance as well as to its anatomical characteristics. 
Cl.scalaris v. transgrediens occurs simultaneously with and somewhat 
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Fig. 16. — Interpretation of progressive shortening of median septum in the 


lineage of Climacograptus scalaris var. normalis Lapworth (data after Waern, 

1948). 1-2 relative values for Cl.scalaris normalis for successive zonal mutations 

of Cl.scalaris transgrediens (a-6), 3-4 for Cl.medius. Further explanations in text 

and fig. 15. Upper right corner — corresponding zonal mutations and their 
distribution in the bore-core (from Waern, 1948). 


later than CI. scalaris v. normalis, first forma u appears, then forma $, y 
and the last surviving specimens are contemporaneous with the earlier 
occurrence of Cl.medius” (p. 450), (comp. fig. 16 of the present paper). 

Data concerning the shortening of median septum on the reverse 
side of rhabdosome are particularly interesting. Waern's measurements are 
shown diagrammatically in fig. 16. That author did not only ascertain 
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the theca at whose level the median septum arises on the reverse side, 
but moreover indicated the exact point of its beginning in per cent 
figures of thecal length. Waern's data, though based on 30 specimens 
only, seem to be quite reliable. Mean values (Waern, 1948, p. 450) 
have been used by the present writer to plot the diagram. The pro- 
gressive delay in formation of median septum on the reverse side in 
successive forms is shown on the straight line parallel to the X-axis 
illustrating the constant threshold level. The delay is referred to the 
activity of the corresponding genetic factor (Y-axis). This results in 
a picture very similar to that provided by the here above described 
example of Glyptograptus aff. persculptus (Salter). 

Both these examples clearly show the process whose successive 
stages seem to have been caused by fundamentally analogous factors, 
with gradually increasing activity, causing the appearance and gradual 
spreading of a new mode of budding. The only factors that may actually 
be here taken into account are changes of multiple-factors (modifiers) 
acting as stimulators of a certain basic gene controlling the alternate 
budding of thecae, or a multiple alleles series of a "major gene” 
responsible for the directional changes of the activity of a determined 
factor and for the reactiveness of tissues?3. 


d) Evoiution in Saetograptinae 


An interesting exampie is provided by the evolution of apertural 
processes in subfamily Saetograptinae Urbanek, 1958, represented by 
two Ludlovian genera: Colonograptus Pribyl and Saetograptus Pribyl. 
A typical representative of the former genus (Colonograptus colonus 
(Barrande)) is characterized by the presence of paired apertural pro- 
cesses on proximal thecae (first 3—4 thecae), which are triangulate 
ear-like structures (fig. 17a, b). The following thecae are provided with 
a rather small elevation on the apertural margin only, while beginning 
with thecae 14-15 the margins are perfectly smooth and thecae simple, 
"pristiograptid”. Such forms may be regarded as representatives of 
the "biform'” type (comp. fig. 2C). In a typical representative of the 
other genus (Saetograptus chimaera (Barrande)) the thecae are, on the 
whole rhabdosome length, provided with apertural processes. In pro- 
ximal thecae (first 9—10 thecae) these are in shape of long spines, 


28 [n connection with this problem, Davies has made another interesting 
observation (192% that in Glyptograptus aff. persculptus it "is interesting to note 
that the mutations at higher horizons are much more uniform in nature and 
"he variation between specimens from same bands typical of the lower horizons 
's not seen” (p 14). This might have been associated with a kind of variability 
reduction, noted in many other groups too, and by Simpson (1944, 1955) explained 
as result of natural selection. 
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gradually shortened in the next thecae to an elevation of apertural 
border in distal thecae (comp. fig. 2B, and 17d-j). In many respects 
these genera are similar enough to be regarded as closely allied 
(Pribyl, 1942, and particularly Urhanek, 1958, here modified according 
to new available data). 


J 


Fig. 17. — Series of apertural processes in Saetograptinae representing 
successive stages of reduction of their peridermal membrane: a-b 
Colonograptus cf. colonus (Barrande), c transient between Colonograptus 
and Saetograptus, d-e Saetograptus chimaera chimaera (Barrande), (in 
sense of Urbanek, 1958), f S.chimaera cervicornis Urbanek, g-h S.chimae- 
ra cf. cervicornis Urbanek, i-j S.chimaera cf. salweyi (Hopkinson). 
Borders between the processes and their basis marked by thick line, 
borders of fuselli, when uncertain or conjectural, marked by broken 
lines. All processes represent th 1 of young rhabdosomes (boulders 
S. 19, S. 36, S. 38, S. 54, S. 149, S. 201), approx. X 50. 


Stratigraphic evidence concerning Europe indicates that Colono- 
graptus appeared earlier. It was present in the lower part of the 
Lower Ludlovian nilssoni zone, while forms referred to Saetograptus 
did not appear before the uppermost part of the nilssoni zone and are 
typically present in the higher scanicus zone (Great Britain: Elles % 
Wood, 1901—1918; Boswell, 1926, 1928; Blackie, 1928; Lawson et alii, 
1954; Barrandian: Horny 1958; Holy Cross Mountains, Poland: Tomczyk, 
1956; Thuringia, Germany: Jaeger, 1959). Within the particular regions 
the fauna! succession of the liower Ludlovian assemblages differs 
slightly but it seems quite safe to generalize that Colonograptus made 
its appearance earlier than Saetograptus. 

The available data very clearly suggest that evolution occurred 
by gradual changes from forms with apertures of the Colonograptus 
type to those with apertural spines of the Saetograptus type. Forms 
belonging here and etched by the present writer from erratic boulders 
of Scandinavian origin may be arranged in a continuous morphological 
series mutually differing in modifications of apertural processes (fig. 17). 
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These modifications are affected through reduction of the surface of 
apertural processes owing to: 1) tubular folding of the anterior margin 
of the process (Urbanek, 1953, 1958), 2) reduction of the posterior 
margin, surrounding the more protruding lappets of the apertural 
' process. The latter are placed on the lines of contact between the 
particular fuselli, constituting a kind of frame for particular lappets. 
The reduction of the process may continue along this line until the 
complete disappearance of the free peridermal wing of the process which 
persists merely as fine hair-like rudiments only. These elements 
constitute a strongly attenuated membrane folded into a tubule. The 
formation of such tubule-like peridermal structures is a form of 
rudimentation of the fusellar periderm. They occur in other graptolites 
(e.g. in Cucullograptus hemiaversus n.sp. and C.aversus rostratus 
n.sp., where the reducing and attenuated portion of the right apertural 
lobe is altered into a tubular lip of this kind, extraverted on the margin 
of aperture). 

In fig. 17 processes of th 1 all belonging to young rhabdosomes in 
stages 1-4 thecae are shown for a better comparison of their structure. 
This permits to avoid the effect of possible secondary changes due to 
thickening of the periderm owing to the superimposition of the addi- 
tional substance. The fusellar structure of the processes could be suf- 
ficiently well examined in most cases. Broken lines indicate poorly 
discernible or conjectural fusellar boundaries. 

The series shown in fig. 17 is readily explained as an expression 
of the gradual reduction of the peridermal membrane due to inhibition 
of peridermal growth. Hence, the anterior margin, formed by the 
secondarily attenuated membrane, is folded (probably owing to me- 
chanical factors) below the thicker portion of the periderm, while the 
posterior margin is reduced first by the formation of a number of 
incisions, later on by complete reduction of periderm. Wherever this 
process manifested stronger activity (first 3 thecae in S.chimaera 
cervicornis Urbanek and their greater number in S.chimaera cf. salweyi 
(Hopkinson)), we note strong destruction of the periderm, and more 
spine-like processes. Where the process did not attain such intensity, 
it was manifested merely in the narrowing of the surface of peridermal 
membrane of the processes (fig. 11b,c). The various forms shown in 
fig. 17 are referable either to the genus Colonograptus (fig. 17 a, b) or to 
genus Saetograptus (fig. 17 d-j), or they represent morphological trans- 
sients (fig. 17c). Forms shown in fig. 17a,b) occur in an assemblage 
probably suggesting the lower nilssoni zone, those shown in fig. 17 f-h,j 
in an assemblage indicating the overlying scanicus zone, while horizons 
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in which forms fig. 17c-e and i occur cannot be more exactly identi- 
fied*?. 

It is, however, quite doubtless that these are closely allied forms 
belonging to the same evolutionary trend. This is, moreover, confirmed 
by the fact that, wheresoever it has been possible to ascertain, the free 
part of the process protruding above the apertural margin is invariably 
made up of the same number of fuselli (6). Where this number could 
not be quite surely determined, the possible deviation ought not to 
exceed 1. The strikingly stabilized structural pattern of processes 
apparently indicates that in this trend structure of apertural processes 
was genetically controlled and that its possible zonal variations occur 
in the way of mutation. The more thoroughly studied geological sections 
of the Ludlovian all seem to confirm that forms with the Colonograptus 
type of process did, indeed, appear earlier and are associated with the 
lower part of the nilssoni zone, while forms with more or less reduced 
periderm of processes of the Saetograptus type are associated with the 
higher part of that zone and with the upper scanicus zone. No reliable 
evidence, however, is available as to whether the latter forms (Saeto- 
graptus) are contemporaneous or whether they attained dominance in 
successive horizons from the lower to the higher. Material recovered 
from erratic boulders does not provide sufficiently detailed stratigraphic 
data, while material known 'in situ” does not, on the whole, permit 
the distinction of such subtle differences in the shape of apertural 
processes*", 


It is, however, rather noteworthy that besides boulders containing 
forms representing various reduction stages (e.g. fig. 17c-e, from 


28 The assignment of the various boulders to corresponding graptolite zones 
on their graptolite assemblages is to a certain extent arbitrary. Actually, the chan- 
ges in faunal composition are gradual and at the boundary of two horizons 
index forms and associated fauna are often encountered, characteristic of both 
the lower and the higher horizons. This is suggested by many statements and 
data of various authors, particularly so Elles % Wood, 1901-1918; Boswell, 1920, 
1928; Blackie, 1928; Hede, 1942; Lawson et aliii 1954, On the other hand, the 
absence of a given index form from a boulder may be also merely random, because 
they hardly are really representative samples of a determined horizon. 


%0 There is some evidence, however, showing that Saetograptus chimaera 
salweyi (Hopk.), though very likely representing the most advanced morphologic 
stage, is to be encountered already in the upper part of the nilssoni zone. 
Subsequently it passes into the scanicus zone, occurring there together with the 
type form and with its other varieties (Boswell, 1926, 1928; Blackie, 1928). The 
typical form S.chimaera chimaera (Barrande) is also reported from the nilssoni 
zone (Elles 8z Wood, 1914). The picture became more complicated by the data 
of Elles (1944) who indicates at least two mutations of salweyi — *limp” one 
from nilssoni zone and *”rigid” one from higher beds (scanicus zone — base of 
leintwardinensis). Probably there are some local stratigraphic differences and 


both these forms of S.chimaera were presumably more or less contemporaneous, 
the salweyi surviving longer. j 
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boulder S. 54) there are others in which one particular type of process 
dominates. These would probably correspond to populations with 
a determined genetic structure (Urbanek, 1958). The time succession 
of these forms suggests that we are here dealing with an evolutionary 
process. Hence this series of processes cannot be explained by the 
direct influence of environmental factors, though occasionally they do 
cause modifications giving the semblance of genetic changes (Gold- 
schmidt (1938) described these phenomena in respect to the various 
mutations of Drosophila). A direct environmental influence may have, 
however, intensified the range of variability of the forms here. 

When analysing changes occurring in this evolutionary trend we 
will be able to conclude that differences between Colonograptus and 
_Saetograptus consist of: 1) structural changes in the apertural processes, 
the peridermal membrane of processes in Saetograptus being reduced 
gradually; 2) numerical increase of thecae provided with processes, 
Lie. of proximal thecae in Colonograptus Pribyl and throughout the 
rhabdosome in Saetograptus Pribyl. The maximal length of processes 
increases too. 

The first process results in a morphological picture very much like 
that of the destruction of wing chitine in the series of multiple 
alleles — ”vestigial' in Drosophila (fig. 18). There too, reduction occurs 
owing to the formation of local *"marginal incisions' between the 
nervures on the wing surface. According to Goldschmidt (1938 and 
earlier) who has examined the developmental mechanism of these 
changes, the wings in mutants first develop quite normally. Later on 
in a stage determined for each mutation, the chitine is subjected to 
resorption or to lytic processes. Wings are thus formed, displaying 
a varying extent of scalloping. The reduction of wing chitine in a *"ves- 
tigial” series is by Goldschmidt (1938) explained as the manifestation 
of various activity of particular alleles in the production of a substance 
necessary for the normal development of wings or in the formation of 
lytic substance displaying a localized specific action. 

The second process may be readily explained by the hypothesis 
that the penetrance (number of thecae provided with processes) and 
expressivity (length of processes) of genetic factors responsible for the 
origin of processes had been increased in that evolutionary trend. In 
Saetograptus we would be dealing, however, with a certain state of 
equilibrium between factors determining the degree of penetrance as 
well as the expressivity of apertural processes and those controlling 
the extent of the destruction of periderm in processes. Hence the re- 
iations here are apparently more complex than those described in 
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regard to the reduction of wings of Drosophila in the *vestigial" alleles 
series (Mohr, 1932; Goldschmidt, 1938). There it had been possible to 
ascertain the direct relation between the penetrance of one allele and 
its potency expressed in the degree of destruction of wings (degree 
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Fig. 18. — A series of modal phenotypes of the wings and balancers 


in all diploid combinations of the allelomorphs of "vestigial” in 

Drosophila melanogaster, as an example of directional effect of multiple 

allelomorphs: nw no wing, vg vestigial, no notched, nż nicked, -+vg 

wild type. Percentage of penetrance and relative value of activity for 
each combination given below (after Mohr, 1932). 


of phenotypic effect, comp. fig. 18). In our problem it is hardly to be 
supposed that the same genetic factors are responsible for both these 
processes, particularly since they are physiologically opposite (formation 
of processes — reduction of processes) and more or less independent 
in their activities. Most probably at least two independent factors are 
here involved. We may stmultaneously observe here the high penetrance 
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oj the factor responsible for the presence oj apertural processes and 
the manifestation of the factor determining the reduction of the mem- 
brane im these processes (Saetograptus). Among the many possible in- 
terpretations of this doubtlessly complicated phenomenon, the simplest 
one would be that accepting a certain state of dynamice balance of 
genes, analogous to the state of "epistatic minimum” in sex determi- 
nation of gypsy moth — Lymantria dispar (Goldschmidt, 1938). In these 
_graptolites this would correspond to the stage in which the penetrance 
of the gene, responsible for the formation of processes, is sufficiently 
high, while the simultaneous fairly active manifestation of destruction 
processes of their periderm is determined by other genetic factors. 
In this trend similar changes in the penetrance of genes might have 
been an important factor controlling the astogenetic succession of 
thecae. E. g. we know certain forms described as separate species or 
subspecies, such as Saetograptus chimaera semispinosus (Elles 8z Wood) 
in which only some proximal thecae are provided with apertural spines 
lacking in the distal thecae of the rhabdosome. This form has been 
recorded from the scanicus zone. Similarly, Colornograplius wvarians 
(Wood) from the nilssoni zone is characterized by the low penetrance 
of the factor responsible for the formation of apertural processes. We 
may reasonably expect that, in case of further reduction of the pene- 
trance, the just mentioned forms might give rise to forms completely 
lacking apertural processes. This stage might not even necessarily 
męan the occurrence of amorphic mutations of the corresponding gene 
but result from the action of modifiers. In connection therewith it is 
interesting to note differences in the number of thecae provided with 
apertural processes (retroverted thecae) in Colonograptus wvarians 
from various localities in the Long Mountain District, where they are 
provided with one, two or even three of such thecae (Elles 82 Wood, 
1914). They would correspond to differences of penetrance of definite 
mutations in stocks from various areas (Timofóeff-Ressovsky, 1934). 
The relations here match best those in the mutation of venae trans- 
versae interruptae (vti) in Drosophila funebris. In some of its stock this 
'mutation is not phenotypically expressed. Its phenotypic manifestation 
ioccurs solely in the presence of some other mutations acting as modi- 
'fiers and occurring in certain races only with a definite geographical 
(distribution. 


te! Supposed genetic mechanisms of evolutionary changes in graptolite 
colonies 


/The here above discussed cases of evolution in several phylogenetic 
'graptolite lineages clearly indicate that their development passes from 


17 Acta Palaeontologica Polonica — vol. V/2 13 
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primarily uniform forms, through various stages of biformism, to forms 
secondarily uniform. An example of such processes is the evolution of 
monograptids towards the genus Rastrites Barrande. It is assumed that 
it led from "uniform graptolites having triangulate thecae on the 
whole rhabdosome, through forms with varying degree of biformism 
to species provided with rastritiform thecae throughout the rhabdosome 
length, i.e. to secondarily uniform forms (Sudbury, 1958). Similarly, 
among Cucullograptinae, forms originally uniform (Lobograptus sim- 
plex n. sp., with symmetric apertural apparatus on the whole rhabdo- 
some) may lead to biform species (Cucullograptus hemiaversus n. sp., 
with asymmetry of apertural apparatus in distal and medial thecae), 
and from these — to species in which the apertural apparatus is asym- 
metric throughout the rhabdosome length (Cucullograptus aversus aver- 
sus (Eisenack)) — secondarily uniform. In the next stage the rhabdosome 
becomes secondarily biform through introduction at the distal end of 
a new character in Cucullograptus aversus rostratus n. sp. 

Hence, the difference of primarily uniform forms from the biform 
ones lies in the appearance of a new character, i.e. the occurrence of 
corresponding mutations. On the other hand, the difference of biform 
forms and their secondarily uniform descendants consists in the degree 
of spreading and manifestation of corresponding features which, as is 
shown, may be regarded as an effect of various expressivity and pene- 
trance of the corresponding genetic factors. 

Thus, biform graptolites may be regarded as species with genetically 
controlled incomplete penetrance oj definite genetic factors, while the 
corresponding secondarily uniform forms would be considered as species 
with genetically controlled complete penetrance oj definite genetic 
factors. 

In graptolites, whose evolutionary process passes through these two 
stages;, new mutations would initially produce alleles with low pheno- 
typic expression. The activity of their phenotypic manifestation would 
increase in the course of evolution*!. For certain forms, however, the 


31 The increasing activity in the phenotypic manifestation of corresponding 
genetic factors in graptolite colonies to some extent suggests analogies with 
the process of evolution of genetic dominance. The latter process may be under- 
stood either as an expression of the selection of corresponding modifiers (Fisher 
et alii), or that of stronger activity of the same ”basic” gene (Wright et alii), 
(comp. discussion in Śmalgauzen, 1946; Wagner ś% Mitchel, 1955). Relations 
prevailing in the evolution of a graptolite colony answer well the gradual 
changes which must have affected activity of each definite genetic factor first 
manifested as semidominant and later becoming fully dominant. These data 
seem to represent sound evidence for Goldschmidt's statement (1946) that ”the 
evolutionary process begins with mutants of low penetrance and expressivity*”, 
but have no distinct relation to his supposition that this mutation must neces- 
sarily be a ”large” one (comp. Simpson, 1953). 
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biform stage may have meant stabilized conditions and not a transition 
towards secondary uniformism. Bulman e. g. believes that Monograptus 
decipiens Tórnquist is one of these species. 

Though we have seen that in many phylogenetic graptolite lineages 
evolutionary changes are expressed by gradual spreading of the new 
thecal type, it is not impossible that other mutations may occur at 
once characterized by complete penetrance, i.e. those spreading simul- 
taneously over all the individuals of a colony. This would be associated 
with the appearance of alleles of sufficient activity (comp. p. 172). 

Since, however, within many graptolite lineages, evolutionary changes 
occur through gradual spreading of corresponding characters, analogies 
of the genetic mechanism of these changes with those of penetrance 
and expressivity is very probable. 

Genetic data indicate that changes in penetrance and expressivity 
may be influenced by genetic factors and definite environmental 
factors. The latter consist of temperature and trophic factors (Hadorn, 
1955). These cannot be considered responsible for long-lasting and 
directional evolutionary changes ascertained in graptolites (comp. p. 199). 
Genetic factors are much more probable. Two of them have the 
greatest significance: 1) modifying genes altering the activity of phe- 
notypic manifestation of definite genes, responsible for the appearance 
of certain features; 2) changes of the ”*major genes” themselves, respon- 
sible for individual morphological effects of directional character. 
Among them, the multiple alleles series, often resulting in directional 
phenotypic effects, should be placed foremost. 

The significance of modifying genes for the activity of phenotypie 
manifestation of genetic factors has been shown in works of Timo- 
feefff-Ressovsky (1931, 1934 and earlier), Hadorn 8z Gloor (1943, fide 
Hadorn, 1955) et alii. Experiments with the use of the artificial 
selection method clearly show how easily stocks may be produced, 
characterized by determined *”genic balance”, hence by determined 
expressivity and penetrance of a given gene. Moreover, changes in 
genic environment which determines the mode of phenotypic mani- 
festation of a definite gene may result from the mutations of other 
genes. E. g. Morgan has shown that the *eyeless” mutation in Droso- 
phila, expressed by reduction of eyes, will, after a sufficiently long 
line of generations, gradually revert to the normal state, i.e. its eyes 
will scarcely differ from those of the wild form. It has been ascertained 
that this is not a case of reverse mutation but of the mutation of other 
genes altering as modifiers the character of the genotype and affecting 
'he phenotypic effect of the *eyeless” mutation (Śmalgauzen, 1946). 
5uch functions may be carried out in the genotype by very diverse 
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genes changing the *”genetic environment” (e. g. as shown by the 
investigations of Hersh (1929, fide Carter, 1951/1954) on manifestation 
of the *”bar'” mutation in Drosophila. The activity of phenotypic ma- 
nifestation of a given character controlled by natural selection is 
determined and changed by way of corresponding selection of definite 
mutations. The picture presented by the history of numerous evo- 
lutionary trends of graptolites indicates beyond doubt that similar 
genetic mechanisms could have determined graptolite evolution too. 
It should then be recognized that when this supposition is taken into 
account, the growing expressivity of certain morphological characters 
are merely "Expressivititstufen” (Hadorn, 1955) of the same basic 
gene whose individual phenotypic effect is intensified by the action of 
modifiers. This series of changes is well illustrated by the apertural 
processes in some Cucullograptinae, which represent the successive 
steps in the development of asymmetry (fig. 144, C, D). The thecae 
have been selected so that the basal width of metatheca is approxima- 
tely the same, indicating that they occupied approximately the same 
position in the rhabdosome. The existing differences may be regarded 
as resulting from definite evolutionary changes and independent of 
astogenetic variation. Fig. 14 C, D show apertural processes differing 
in the degree of expression of the same features (hypertrophy and 
overlap of the left lobe, atrophy of the right lobe). They might be 
regarded as a result of changes in phenotypic expression of the same 
genetic factor or factors. 

On the other hand, when considering changes of definite characters 
occurring over a sufficiently long period of time (evolutionary changes 
ascertained by Sudbury, 1958, within the M. triangulatus (Harkness) 
group; changes of astogeny described by Davies, 1929, in Glyptograptus 
ci. persculptus (Salter)), we may conclude that they involve not necessarily 
the intensity of phenotypie manifestation of one ”basic allele” (oligogene) 
only, but a whole series of such alleles keeping to a definite direction 
of changes. 

When considering the evolution of some simple morphological cha- 
racter (e.g. thecal shape or structure of apertural apparatus), we are 
referring to features which deserve to be called "unit characters” or 
"biocharacters” (as used by Swinnerton, 1932, 1947/1950). Modifications 
which affect such a character in the given lineage would justifiably be 
named *"bioseries” (Swinnerton, 1947/1950) and would represent the 
successive evolutionary stages of a definite character whose morpho- 
logical nature does not forbid it being determined by a single gene. Such 
changes, having a constant direction, and differing, indeed, merely in 
the degree of manifestation of the same features, may be regarded as 
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resulting from mutations bearing the character of multiple alleles. 
The latter are known often to form long series of mutations, whose 
individual members may successively produce one another. Their phe- 
notypic effects are often distinguished by a regular increase or de- 
crease of the activity of manifestation of certain characters. 

Iilustrations of such allelomorph series, representing a picture 
strikingly similar to the genetic changes probably occurring in grapto- 
lite colonies, are provided, among others, by the following series: the 
"vestigial” allelomorph series, to a various extent reducing the wings 
of Drosophila; the "white'” mutation series changing eye colouration from 
a dark-red *"wine” colouration to a completely white one; the ”bar” 
mutation affecting the number of facets and the eye-shape, etc. 

The *vestigial" allelomorph series (fig 18) is that particularly 
interesting and instructive in our case. It has been very thoroughly 
investigated by Mohr (1932) and interestingly interpreted by Gold- 
schmidt (1938) and Carter (1951). A phenotype series of the particular 
mutations, constituting the allelomorphs of one gene, represents struc- 
tures ranging from a nearly normal *"nicked'” wing to the short ”no wing” 
rudiment. According to Carter, such mutations ought not really to be 
defined each as 'different types of change in the gene, but as more 
or less extreme forms of the same change” (1954, p. 67). Multiple alleles 
series are just those frequently producing a picture of directional 
phenotypic effects and they may be relatively closely correlated with 
the character of evolutionary changes noted in graptolites. They show 
that "phenotypic effects of all members of the series are of the same 
general nature, varying only in the extent of their differences from 
the normal (non-mutated) type — varying, that is to say, only in the 
intensity of their action” (Carter, 1954, p. 65). In the case of certain 
multiple alleles series it has been ascertained that the gradual intensi- 
fication of phenotypic effects is accompanied by correspondingly in- 
creased penetrance of that allele. Moreover, certain alleles series are 
regarded as an. expression of changes in the amount of produced 
morphogenetic substances. i.e. they are referred to quantitative 
differences (Goldschmidt, 1938, for 'vestigial" series). This coincides 
quite well with the relations ascertained in graptolites. 

On the base of fossil material only it is hardly possible critically 
to discuss the significance of either of the two just mentioned pos- 
sibilities. Even though the picture provided by many ol graptolite 
lineages strikingly resembles the phenotypic effects in multiple alleles 
series, still these analogies do not in the least prove similarities of the 
genetic mechanism of these processes. Generally speaking, changes in 
modifiers (multiple factors, i.e. polygenes) may with equal probability 
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be considered as responsible for these changes. We should, however, 
take into account investigations postulating that these factors do not 
by any means mutually exclude one another, but may combine, while 
differences between multiple alleles may have been intensified by 
corresponding modifiers. This may be inferred from works by Sirks 
(1926, 1931, fide 1956) on the heredity of quantitative characters in 
Vicia Faba. That author has ascertained that the varying shape of 
leaves in this plant is determined by 4 genetic factors, each of which 
produces a multiple alleles series. On the other hand, these factors 
produce two polymeric pairs whose phenotypic effects are mutually 
intensified (anisomeric polymery). It has been ascertained through the 
research work of Jenkins (1939, fide Schwanitz, 1954) on plant genus 
Crepis that taxonomic specific characters are based on a multiple 
alleles series. Hence they may constitute the basis of phylogenetic 
trends. In a number of other cases it has been proved that infraspecific 
heteromorphism consists of multiple alleles series. 

At the present knowledge of this problem it is perhaps not too risky 
to advance as a working hypothesis the bold supposition that in 
graptolites directional evolutionary changes consisted in orthoselection 
of modifiers changing the phenotypic manifestation of a definite ”*major 
gene” (oligogene) or im the selection oj mutation forming series of 
multiple aileles, each of them with distinct phenotypic effect, eventually 
modified by morphogenetic substances showing gradient along the 
rhabdosome. The choice of one out of the two alternatives is impossible 
on palaeontological evidence, but genetic data indicate that both these 
processes may have participated in evolution. 

In view of the nearly complete lack of knowledge of the environment 
in which graptolites had lived, we are unable to determine the way 
of action of natural selection in their evolution nor the environmental 
factors of this evolution. 


Since the time of Lapworth it is a common belief that Graptoloidea 
were epiplanktonic organisms who lived in open seas and oceans (cómp. 
Ruedemann, 1934; Bulman, 1955, 1957 with References). On the whole, 
it is hardly to be expected that bottom sediments in which the 
graptolite remains are buried, could provide reliable information con- 
cerning the life conditions of Graptoloidea because they were deposited 
outside the biotope in which graptolites lived. Moreover, a number of 
cases distinctly suggests transport of graptolite remains and it may 
be consequently supposed that they had been buried in a different area 
than that in which they had lived (Bulman, 1955, 1957). With respect 
to graptolites; which are epiplanktonie organisms, we may reasonably 
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suppose that the distinct majority of fossil graptolite assemblages re- 
present "'subprimare Lage” (Seitz 8z Gothan, 1928). This means that 
they had been transported "post mortem” and that probably a part of 
necrocoenoses constituted true tanatocoenoses (Davitaśvili, 1945). This 
is indicated by the general lack of surfaces of the attachment and of the 
distal portions of the virgula, suggesting breaking off from the place 
of attachment and consequent transport by water currents. Similarly 
striking is the fact that graptolites cannot be associated with any defi- 
nite sediment since they occur in almost every deposit (Bulman, 1955, 
1957). All this evidence hardly permits a correlation between changes 
of sediments containing graptolites and changes of their abiotic 
environment. Only very large scale changes of the abiotic environment 
(change of facies, change of current relations) may be here sufficiently 
indicated and taken into account, such as e.g. those eventually respon- 
sible for a more or less general extinction of graptolite faunas (comp. 
Jaeger, 1959). Doubtlessly, changes in the abiotic environment had 
a decisive bearing on graptolite evolution, nevertheless data now avail- 
able may permit to determine these connections in regard to changes 
of whole faunal complexes (migrations), but never in regard to evolu- 
tionary changes in definite phylogenetic lineages. 

An analysis of faunal changes in graptolite facies shows that in 
graptolite evolution the directional evolutionary processes are not, as 
a rule, accompanied by distinectly directional changes of given sedi- 
ments. The latter display a cyclic pattern and, sometimes, they long 
remain practically unchanged over extensive areas. Nevertheless, in 
such series, we note intense changes of the graptolite fauna even though 
considerable stability of the abiotic environment over large areas is 
apparently suggested by the nature of sediments. 

Factors of evolution in particular graptolite lineages cannot be 
merely identified with any particular abiotic factor, but are doubtlessly 
to be expected in ecologic and selective mechanisms connected rather 
with biotic environment. The functional significance of changes in the 
shape of the rhabdosome and of thecae, however is not closely deter- 
mined. One cannot adequately explain the physiological meaning of 
a number of observed changes and that hampers causal interpretation 
of graptolite evolution. 

This explains why Bulman (1933) encountered such difficulties in 
determining the adaptive nature of graptolite evolution: "In such of 
the thecal elaboration trends as have been considered here, it has been 
suggested that they are not due to any direct environmenta! influence 
(which is, however, seen in local geographical variations in each series): 
and against the view that they are adaptive is the fact that at least 
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three types are initiated simultanecusly, all under apparently the same 
condition of environment, and that regular regressive series also occur. 
Either they are not adaptive, or we must assume that the trends repre- 
sent forms which did in fact live under slightly different conditions 
of environment (e.g. suspended in some way at different depths in the 
water and perhaps possessing some specialized feeding mechanism) far 
which view there is certainly no evidence. ...As concerns the graptolites, 
I offer the view that there is very little evidence that any of the trends 
originated in response to external conditions; they seem, on the contra- 
ry, far more readily referable to some internal factor” (Bulman, 1933, 
p. 332). 

Some of the difficulties emphasized by Bulman (1935) have now to 
a certain extent been reduced. 

An attempt is here made to illustrate this on example of evolution 
in the Cucullograptinae (comp. p. 176). This group was subject to intense 
differentiation bearing distinctly the character of an "adaptive radiation". 
Morphological differentiation is most strikingly expressed here in 
modifications of apertural apparatus of thecae. There seems to be 
little doubt that this differentiation was linked with adaptations to 
various feeding-mechanisms and each apertural apparatus was a kind 
of hydrodynamic tunnel which enabled better utilization of the 
food-supply available to microphages to whom graptolites most likely 
belonged (Urbanek, 1958). 

This differentiation was realized in a time-span to which in 
deep-boring Mielnik, Eastern Poland, correspond deposits with total 
thickness approx. 90 m. In the lower parts they correspond to the 
scanicus zone (some 60 m) and in the upper part to 30 m thick series 
of sediments above this zone. These deposits consist of more or less 
regularly spaced intercalations of argillaceous shales ańd of marls 
or impure limestones each some 10—20 em thick. This series represents, 
therefore, a good example of rhythmie sedimentation. Marly and lime- 
stone intercalations lithologically correspond well to Scandinavian erratic 
boulders containing the same fauna and there is no doubt that the 
latter were derived from analogous series, where most probably they 
formed corresponding horizons of concretions and lenses in graptolite 
shales. Such conditions must have been stabilized over extensive areas 
of the Upper Silurian sea in Ludlovian times.- This: may indicate that 
evolution of graptolites had occurred in the relatively stable conditions 
of abiotic environment, with only some cyclic changes in facies distri- 
bution. Evolutionary changes, therefore, cannot be cońsidered as a mere 
response to the changing conditions of abiotic environment, but are 
evidently connected with the evolution of biocoenosis, with gradual occu- 
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pation of ecological niches of a given biotope, with further specialization 
of feeding-mechanism. 

Palaeontological evidence indicates that some evolutionary processes 
are distinctly connected with changes of abiotic conditions (e.g. in the 
evolution of Ostrea — Gryphaea Joysey, 1959; Turkostrea — Fatina Gek- 
ker, 1953), while others occur in nearly constant abiotic conditions (e.g. 
faunal evolution within the Chalk Series of England, stressed by 
Bulman, 1933). Changes of the abiotic factors do not seem to be indis- 
pensable for every one of the evolutionary changes and most probably 
they were not directly connected with all the changes. Some processes 
were perhaps in the first place associated with changes of the biotic 
environment which may but do not have to occur at the background 
"of changes in abiotic environment (distribution and ecology of sea- 
weeds, changes in biocoenosis resulting from migration and evolution 
of other groups and allied evolutionary lineages). An analogy may be 
here drawn with certain North Sea associations of now living orga- 
nisms. According to Schafer (1957) they are characterized by biotically 
conditioned changes in faunal structure at stabilized abiotie conditions. 
Such relations may also have occurred in those cases of graptolite 
evolution which cannot be proved to be truly connected with the 
supposed changes of the abiotic environment. 

The morphological character of modifications in Cucullograptinae 
suggests rather striking resemblance to the process of divergence 
observable in adaptation of some groups to different modes of life, 
biotopes and food supplies. This results in a picture rather similar to 
that of radiations in such groups as the well known Darwin's finches 
in Galapagos Islands; the Hawaiian honey-creepers; the fishes in 
African lakes. 

In all these cases evolution is expressed primarily through modi- 
fieations of the feeding apparatus and feeding habits. 

In Cucullograptinae modifications concentrated on apertural ap- 
paratus leave no doubt that the latter factor was decisive. There 
seems little doubt that evolution of Cucullograptinae represent a good 
example of adaptation to particular ecologic niches in a common but 
intensively differentiated biotope. The differentiation of the biotope 
in a simplest way may be expressed by some stratilication (as sug- 
gested by Bulman, 1933), which may be vertical or horizontal. It is 
known in the majority of marine biotopes (comp. Alle et alii, 1950), 
where nearly each species has its own zone ol occurrence. Such 
stratification was encountered in recent sea-weeds, which may create in 
fnis way a number of independent ecologic niches of a biotope. Such 
'e stratification, well marked in recent seas, was probably more sharply 
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stressed in ancient, palaeozoic seas due to lack of ecologic specializations 
in the particular sea-weed groups, each of them was adapted to rather 
strictly determined conditions of life (Zernov, 1949). 

Common occurrence in the same assemblages of some species of 
Cucullograptine (e.g. Lobograptus scanicus parascacicus + Cucul- 
lograptus pazdroi; L. scanicus scanicus r C. pazdrot) indicates that they 
lived contemporaneously in the same biotope but must have probably 
occupied different ecologic niches, being an example of different 
direction of specilization. Some facts indicate, however, that Cucul- 
lograptus hemiaversus — C. aversus aversus — C. aversus rostratus 
represent successive stages of the same lineage and gradually are 
replacing each other in the course of evolution. This is confirmed by 
the fact that the presence of one of these fonms excludes another 
from the known associations. Occurrence of some forms in the same 
fossil associations does not indicate that they really lived *"side by side”. 
F.g. since it is not excluded that some of them are secondary accumu- 
lations. Hence, in their life-time these forms may have occupied sepa- 
rate ecological niches though their remains were subsequently secon- 
darily accumulated. These facts would accont for the contemporaneous 
occurrence within the same association of forms representing various 
evolutionary trends. 

The evolution of Cucullograptinae is fully understandable on the 
ground of the natural selection theory. Diferentiation of a c©ommon 
ancestral group seems to be an effect of fractionating selection 
(Simpson, 1953); some directional trends are most probably due to 
orthoselection. The action of selection in the latter case must have 
occurred according to a similar pattern as that in the experiments of 
Timofćeff-Ressovsky (1934) and of Hadorn Ś$z Gloor (1943, fide Hadorn, 
1955). These indicate that through artificial selection some genetic 
stocks may be easily obtained, with stabilized system of modifiers, or 
"major genes” with a definite activity. 

The apparently paradox fact of the simultaneous progressive and 
regressive development within definite genetic trends of representatives 
belonging to the same association may be also accounted for by other 
genetic phenomena. It is, indeed, frequently encountered that the 
behaviour of some genetic factors varies in related species. In soma 
it merely causes normal morphological phenomena, while in others it 
leads even to hypertely and hypertrophy, or is manifested as a semi- 
lethal or lethal factor (frequently discussed experiments on the mani- 
festation of the same allele in various species of cotton (Gossypium), e.g. 
Harland, 1936; Śmalgauzen, 1946; Wagner 8: Mitchell, 1955; manifestat- 
ion of the "migra” gene responsible for pigmentation in various genera 
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of small fishes Platypoecilus and Xiphophorus, causing normal pigmen- 
tation in the former and tumors and hypertely of tissues in the latter; 
Harland, 1936; Dodson, 1952; heterosis Ete:): 


Differences in genomes and corresponding differences in ”genic 
balance” within various graptolite lineages may have been responsible 
for the adaptivity of certain factors in one case, while in another their 
phenotypic expressivity was extinguished by genetic selection since 
they proved to be inadaptive (phenomena analogous to the action of 
suppressors controlling the development of a *”normal" phenotype in 
spite of the presence of mutations controlling the occurrence of a new 
mutant phenotype; Śmalgauzen, 1946, Wagner 8z Mitchell, 1955). These 
may be the reasons determining e.g. the progressive development of 
rastritiform thecae within the evolutionary trend M.triangulatus trian- 
gulatus (Harkness) — Rastrites longispinus (Perner), while within the 
iine M. triangulatus separatus Sudbury — M. triangulatus fimbriatus 
(Nicholson) they are, according to Sudbury (1958), subjected to secon- 
dary regression. The phenotypic manifestation of a mutation controlling 
the rastritiform structure of thecae has been here "extinguished" by 
other genes or a whole assemblage of genes. 

Thus, certain processes in graptolite evolution, at first sight not 
immediately understood from the viewpoint of the genetic theory of 
natural selection, may be explained by previously recognized genetic 
mechanisms. 


V. TAXONOMIC CONSEQUENCES 


The acceptance of a definite viewpoint concerning the mode of evo- 
lutionary changes in graptolite colonies permits us in a different light 
to consider some problems pertaining to their systematics. 

The examples discussed here above seem to prove that in a number 
of graptolite evolutionary trends structural changes of thecae occur 
,gradually and the extreme morphological types may be united by a line 
of intergrading forms, which differ quantitatively only. These cases 
clearly indicate that originally uniform forms may, in result of modi- 
ifications affecting a part of thecae, become '"biform” forms. These, in 
tturn, after complete penetrance of the new thecal type, will secondarily 
become uniform. Numerous examples of such processes have been illu- 
s'rated in the works of Bulman (1933, 1951) and Sudbury (1958) more- 
over, they may be infered from the research work by Davies (1926) and 
that of the present writer in respect to the previously cited examples 
iof Cucullograptinae and Saetograptinae. 
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"These studies reasonably suggest that on the whole *”biform" 
forms are a transient intermediate stage of evolution, leading to 
secondary uniformism of thecae. In most cases this is the apparent 
- condition. Exceptions from this rule, however, are encountered, showing 
the stabilized nature of some biform forms which do not lead to the 
formation of secondarily uniform forms. Bulman (1951, p. 326-7) gives 
an example of this kind when he writes that M.decipiens Tórnquist 
"seems to represent a relatively stable condition of half-developed 
Rastrites (like the relation of Sub-Holostei to Holosteż among fishes)”. 
Most probably we are dealing here with differences in the rate oć£ 
evolution in various evolutionary lines. Some of the progressive lines 
relatively quickly attained secondary uniformism, others more slowly, 
while certain of them have been arrested at a definite evolutionary 
stage. Moreover, Sudbury (1958) cites examples of the *reversibility” 
in evolution of certain thecal characters. They concern graptolites 
provided with rastritiform proximal thecae which are lost during later 
evolution (Monograptus triangulatus separatus Sudbury — Monograptus 
triangulatus fimbriatus (Nicholson)). All these data confirming that 
uniform types may originate from biform types, and the other way 
about, contribute to make still more intricate the picture of graptolite 
evolution. ? 

One of the first problems here is that of the significance and 
importance of the establishment of taxonomic units (genera) differing 


from related forms in strongly expressed biformism and characterized 


by the occurrence of thecae encountered in other genera. As examples 
of such genera one may mention here Diplograptus McCoy (Diplograpti- 
dae), also Pernerograptus Pribyl and Demirastrites Eisel (Monograpti- 
dae)3*. From a strictly morphological viewpoint these genera are a tran- 
sition between two other genera in which fundamentally the same type 
of thecae occurs on the whole length of the rhabdosome. Diplograptus e.g. 
intergrades between Amplexograptus Elles 8% Wood (proximal thecae) 
and Orthograptus Lapworth (distal thecae); Pernerograptus unites the 
characters of Monograptus Geinitz (proximal thecae) and those of Pristio- 
graptus Jaekel (distal thecae), while Demirastrites is a transient form 
intermediate between Rastrites Barrande (proximal thecae) and Mono- 
graptus Geinitz (distal thecae). 

The position of Diplograptus is the most uncertain one and we do not 
know whether forms here referred are actually intermediary links 


32 Genera Colonograptus Pribyl and Saetograptus Piibyl, differing in the 
PE mi essay: 7. not discussec here since their main diagnostic character 
is no e degree of biformism but structural differences of apertural processes 
(Pribyl, 1942; Urbanek, 1958). : ż 
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- between those with amplexograptid or orthograptid thecae on the whole 
length of the rhabdosome. Discontinuous stratigraphic distribution (break 
in the Upper Ordovician!) apparently suggests that this either is a hete- 
rogeneous group probably representing an analogous stage in the evo- 
lution of various diplograptid lineages, or else partly an assemblage of 
these forms distinguished by stabilized biformism. 

The position of the genus Pernerograptus Pribyl seems to be somewhat 
more clearer. It has been demonstrated in the case of at least some forms 
here referred (genoholotype: Monograptus argenteus (Nicholson)) that 
they are indeed links of an evolutionary chain, distinguished by gradual 
spreading of "hooked” thecae. Hence, the attainment during this evo- 
iution of a stage with this thecal type on the whole rhabdosome length 
seems quite probable** (data of Bulman, 1951, and particularly of Sud- 
bury, 1958). In this meaning at least a part of the forms here referred 
are transient between those referred to Pristiograptus Jaekel and Mono- 
graptus Geinitz. Next to them is probably grouped a certain number 
of forms branching from the main stock, which need not necessarily have 
led to "secondary uniformism”. 

In many respects similar changes in the structure of apertural 
apparatus must have occurred in different lineages leading to formation 
of similar but not necessarily homologic structures. This is confirmed 
by the presence in the Lower Ludlovian of some forms (Monoclimacis 
micropoma (Jaekel)) with apertural lobes not representing the prolon- 
gation of interthecal septum of their own metatheca and with peculiar 
microstructure and therefore unhomological to apertural lobes in Mono- 
graptus (Monograptus), (Urbanek, 1958). Similar conclusions are sug- 
gested by the interesting data of Jaeger (1959) concerning the geologi- 
cally youngest monograptids (ey-beds). According to Jaeger, the gradual 
spreading of apertural lobes — from the proximal toward the distal 
part of rhabdosome — has taken place in two lineages distinguished by 
him (comp. p. 139). In result of such changes the apertural apparatus has 
acquired a "”hooked'” appearance and is even termed by Jaeger as the 
»uncinatus type” of thecae. According to Jaeger, apertural lobes in these 
forms (M.hercynicus Perner, M.uniformis Ptibyl, M.praehercynicus 

 Jaeger) are formed when building of the next theca has just only started, 
therefore, as in typical Monograptus (Monograptus). Whether they cor- 
respond fully to apertural lobes of the latter genus remains, however, 

'somewhat uncertain. Jaeger's figure (1959, fig 16f) seems to elearly 
iądicate that in distal thecae of M.uniformis apertura! lobes cannot be 

(considered as direct prolongation of interthecal septum. Also the regular 


38 The connection of argentus series (Pernerograptus) with the priodon one 
((Monograptus) is, however, to some extent uncertain (Bulman, 1951). 
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size decrease of lobes distally, noted in forms described by Jaeger, is 
not known in true Monograptus (Monograptus). Some analogy, however, 
may exist between modifications observed in Jaeger's monograptids and 
processes of the gradual spreading of "hooked” thecae in Pernerograptus, 
without any clear evidence that in both cases apertural apparatus are 
really homologous. 

The genus Demirastrites Eisel is by some students regarded as a group 
independent of Rastrites Barrande. Its evolution is claimed to be parallel 
to that of Rastrites Barrande but not constituting an evolutionary 
transition from Monograptus Geinitz to Rastrites (Pribyl 8z Miinch, 1941). 
This opinion has been weakened by the investigations of Bulman (1933, 
1951) and still more so by those of Sudbury (1958) proving the existence 
of direct connection of the 'triangulate monograptids” (group of M.trian- 
gulatus (Harkness)) as the genolectotype of Demirastrites Eisel (Pribyl 
8$z Minch, 1941) and the typical representatives of Rastrites Barrande. 
With regard to some forms assigned to Demirastrites, such as M. decipiens 
Tórnquist, it is probable that they were not a transition to rastritiform 
forms, but represented stabilized biform types (Bulman, 1951). 

On the whole, however, both Pernerograptus Pribyl and Demirastrites 
Eisel may be regarded as grouping various species, some of which were 
probably true transitions between the two genera. They represent 
a definite evolutionary stage, on the whole adequately reflecting the 
course of evolutionary events. It is, however, quite doubtless, that they 
are an assemblage of different evolutionary lineages and that, as mor- 


phological groups representing a defined stage of evolution, they are - 


intersected by them. The same is, however, api licable to uniform forms 


which likewise are groups representing only a de/inite morphologie stage 


of evolution and, moreover, heterogeneous assemblages of species. The 
tendency to base systematics on true evolutionary lineages seems to be 
unrealistic owing to the intricacy of that evolutionary picture and the 
predominance of the hypothetical element in the determination of 
these lineages. Hence morphological groups, only partly natural, used 
as the base for systematics, seem to be a necessary concession. The fact, 
however, that groups established on biformism of thecae may, at least 
partly, be regarded as transitions, arouses numerous doubts as to 
whether we should attempt to separate them, or — on the contrary — to 
include them into their ascendant or descendant genera. 

The reasons against the separation of such forms are as follows: 
a) that they are morphologically transient forms, b) that they are hetero- 
genic assemblages consisting of a certain number of phylogenetic lineages. 

Reasons supporting the separation of such forms are: a) they are not 
all transient forms, at least some of them had displayed a stabilized 


EVOLUTIONARY CHANGES IN GRAPTOLITE COLONIES 207 


biformism, b) groups of uniform graptolites are heterogenic too, while 
some of the biform genera represent a definite stage in the evolution 
of certain lineages and, on the whole, provide reliable information as to 
its direction (Pernerograptus, Demirastrites). 

Should we think justifiable the establishment of such biform genera 
as Pernerograptus and Demirastrites, we must keep in mind that other 
genera will unite both biform and uniform forms (e.g. Cucullograptus). 
The separation of biform genera would be reasonable only when they 
involve sufficiently numerous groups (a score or so of species and varie- 
ties referable to several evolutionary lineages and representing an 
important trend in evolution). When, however, these forms are nume- 
rically restricted and representing probably a small number of separated 
evolutionary lineages only, the separation of biform forms from the 
uniform would hardly be reasonable. 

In the light of these considerations the recognition of biformism 
as reliable ground for generic distinction in monograptids is hotly 
disputed and open to further discussions. In order not to anticipate its 
solution the writer does not use here respective generic names. He 
believes that besides its fundamental significance this problem has its 
conventional aspect which ought to decide as to which alternative 
should be accepted in formal taxonomy?*. 

Generaly speaking, however, the writer believes there is sufficient 
ground for the separation of such biform genera as Pernerograptus Pribyl 
and Demirastrites Eisel, though their separation into distinct subfamilies 
(Pribyl, 1946) does not seem reasonably justified. The following is 
a comparative table of similarities between the supposed hypothetical 
ancestors, the intermediate forms represented by these genera and their 
hypothetical descendants. 


1. Uniform forms with Biform forms with Uniform forms with 
straight thecae on hooked proximal the- hooked thecae on 
the whole rhabdo- ——> cae and straight ——> the whole rhabdo- 
some length — Pris- distal thecae — Per- some — Monograp- 
tiograptus nerograptus tus 8.5, 

2. Uniform forms with Biform forms with Uniform forms with 
triangulate  hooked rastritiform proximal rastritiform ' thecae 
thecae on the whole thecae and triangu- on the whole rhab- 

— —> 
rhabdosome length late hooked  distal dosome length — 
— Monograptus S.S. thecae —  Demira- Rastrites 
strites 


lato several 


34 The latter aspect is closely linked with the general problem of taxonomy 
©£ genus Monograptus s.l. The writer is convinced that the division of this genus 


independent genera 


is by all means a sound concept, 


but the 


i realization of the division is a matter for discussion and appropriate convention. 
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It follows that differences between originally uniform forms (ance- 
stors of biform forms) and their biform descendants are morphologically 
speaking more substantial (appearance of a new character absent in the 
ancestors), than those between the biform forms and forms secondarily 
uniform (descendants of biform forms differing from them in the 
quantitative spreading of a character previously present in ancestors). 
Forms such as Pernerograptus in this respect come closer to the genus 
Monograptus — since differences between them seem to be quantitative 
(degree of manifestation of the same character) — than to the genus 
Pristiograptus (presence or absence of a given character). Hence it would 
seem more reasonable to assign them to the subfamily Monograptinae 
than to separate them, after Płibyl (1946), into an independent subfamily, 
the Pernerograptinae. Correspondingly it would perhaps be more correct 
to refer the genus Demirostrites Eisel to the subfamily Rastritinae than 
to separate it into the subfamily of Demirastritinae (Pribyl, 1946). This 
proposition is suggested by the boundary between ancestors of these 
genera being more pronounced than between them and their descendants 
where it is less sharp and rather quantitative. 

The problem of the taxonomic significance of proximal and distal 
thecae is associated with the here discussed questions. Elles and Wood 
(1901-1918) based their division of monograptids into groups of species 
rather on the structure of "mature thecae”. Subsequently, however, 
Elles (1922) arrived at the conclusion that proximal thecae are of par- 
ticular significance in the evolution of that group (comp. p. 138). When 
going into that problem Sudbury (1958) and Urbanek (1958) indepen- 
dently drew the conclusion that in monograptids proximal thecae are 
of greater practical significance, though the distal ones may, obviously, 
have some definite significance too. In the light of new data this con- 
clusion requires to be supplemented since in certain groups (Cucullograp- 
tinae, Cyrtograptinae?) it may well be reversed. Taking into account now 
available data, the following would be a reasonable conclusion: evolutio- 
nary changes in graptolite colonies (particularly so in monograptids) are 
initially manifested at one end of the colony only, hence thecal structure 
in that end is of foremost importance in explaining the direction of 
evolution and the nature of the occurring modifications, as these anti- 
cipate further evolution. Thecae in the opposite end of the colony, whose 
structure remains approximately unchanged, provide information regard- 
ing the structure of ancestors. Since, however, thecae may be "intro- 
duced proximally or distally” in the particular lineages, either the 
proximal or the distal thecae may adequately supply the necessary 
evidence. The appearance of new characters, absent in ancestors, is the 
base for establishing minor taxonomic units; hence greater significance 
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should be assigned to thecae in which these changes are manifested pri- 
 marily. Since in the majority of cases they are manifested in the proximal 
end, the attention of the taxonomist is most frequently focused on them, 
though this cannot be accepted to be the rule. The most appropriate 
method will doubtlessly be correctly to interpret the structure of both 
the proximal and the distal thecae and to compare their structure with 
that in other related forms. | 


VI. CONCLUSIONS 


In many Graptoloidea thecae display a regular morphologic succession 
_ along the rhabdosome. It is manifested by gradual modifications of thecal 
_ structure, consisting either in the presence or absence of the correspond- 
ing thecal segment, as well as in various structural modifications of 
the same thecal segment. After analysing these astogenetic modifications 
we are led to suppose that they express corresponding morphophysiolo- 
gical gradients. In agreement therewith colonies of Graptoloidea display 
a certain polarity in their organization pattern. This was most likely 
determined by the mode of the formation and distribution of certain 
morphogenetic substances which had a decisive bearing on the structure 
of the successive zooids. These substances, supposedly produced by the 
siculozooid, would spread along the rhabdosome, showing a definite 
gradient. The siculozooid would probably be here a centre of physiological 
dominance over the remaining individuals of the colony. This working 
hypothesis is applicable to both, the uniaxiate and the multiaxiate colo- 
nies. The main stipe and the successive lateral branches (cladia) in 
Cyrtograptus may be regarded as centres of dominance of higher orders 
which control in turn the rate of budding and the morphological suc- 
cession on the next branches. 
As has been ascertained in a number of lineages of Graptoloidea, 
their evolution consists in the gradual spreading of the new thecal type 
| which at first is introduced either proximally or distally into the 
| rhabdosome. Since a graptolite colony is a kind of clone, the morpholo- 
| gical differences between the individuals of a colony express only the 
| various phenotypic manifestation of the same genome. Graptolite evo- 
| lution would consist in modifications of astogeny, and these modifications 
'would, therefore, express only the varying degree of penetrance and of 
| the expressivity of the particular genetic factors within the colony. These 
(changes would be probably caused by mutations of genes controlling 
tie development of definite thecal characters, or altering the amount 
(«7 morphogenetic substances produced by the siculozooid. Genetically, the 
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latter act as stimulators or inhibitors of the phenotypic manifestation of 
definite genetic factors, i.e. they behave as if dependent on definite 
modifiers. When in ancestors new characters are at first introduced 
distally only, later spreading over the proximal part, we must accept 
that modifiers control the production by the siculozooid of the morpho- 
genetic substance which acts as an inhibitor of these characters. During 
phylogeny, in result of successive mutations, the activity of genes res- 
ponsible for the development of a definite character would increase, 
or the activity of the inhibitor would decrease. When, on the contrary, 
in ancestors the new character is at first introduced proximally only, 
later to spread distally too, we must accept that modifiers, and at the 
same time the substance produced by siculozooid, behave like sti- 
mulators of the given character. The activity of genes determining 
a given character or that of the stimulator would increase during the 
evolution of such forms. An analysis of evolutionary changes within some 
phylogenetic lineages ascertains that they affect a definite complex of 
characters and retain a definite direction. Hence, they behave similarly 
as 1) cumulative factors (modifiers), or as 2) multiple alleles, constituting 
series of alleles with directional effect of phenotypic manifestation and 
with varying activity. Thus the general genetic mechanism of changes 
in graptolite colonies would consist in the occurrence of mutations, in 
which the phenotypic manifestation of alleles was first low, while later 
the penetrance and expressivity gradually increase. 

The present work, moreover, contains discussions on the taxonomie 
consequences of the new concept regarding the organization of grapto- 
lite colonies and the probable genetic mechanisms of their evolutionary 
changes. 


EVOLUTIONARY CHANGES IN GRAPTOLITE COLONIES 


A EZEEN DAR 
DESCRIPTION OF NEW SPECIES AND SUBSPECIES CITED IN THE TEXT%. 


Family Monograptidae Lapworth, 1873 
Subfamily Cucuilograptinae Urbanek, 1958 
Lobograptus Urbanek, 1958 
Lobograptus simplex n. sp. 
(pl. I, fig. 1la-c; text-fig. 13 A, 144, 19, 20) 
Holotypus: pl. I, fig. 1la-c, medial part of rhabdosome. 
Paratypus: fig. 19 A;-Ao, single distal transparent theca. 
Derivatio nominis: simplex — Lat. simple, uncomplicated. 

Diagnosis. — Cucullograptid with straight sieula provided with well 
developed dorsal process; proximal thecae thin, tubular, slightly over- 
lapping, with straight ventral walls and probably a dorsal curvature; 
distal thecae distinctly expanded in metathecal portion, with distinetly 
sigmoidal ventral wall and notable overlap; thecal apertures throughout 
the rhabdosome length provided. by two symmetric lateral apertural 
lobes which do not touch above the aperture. 

Material. — Several dozens of short, mostly unflattened rhabdosome 
fragments; the longest one with 7 thecae. Several siculae with the list 
theca. State of preservation adequate for reconstruction of astogeny. 

Description. — Sicula 1.52—1.40 mm in length including the dorsal 
process (without it 1.48-1.36 mm), terminating below the aperture of 
Ist theca (fig. 13 A). Dorsal process of metasicula distinct. First theca 
length of 1.56-1.76 mm. Proximal thecae thin, tubular, 1.72-1.76 mm 
in length, prothecae 1.40-1.48 mm in length, 0.12 mm in breadth, meta- 
thecae 0.28-0.32 mm in length (the apertural apparatus included), 
maximum breadth of metathecae 0.20 mm. Distance between apertures of 
| adjacent thecae about 1.50 mm. Slight bending of proximal fragments 
| of rhabdosome suggests the presence of its dorsal curvature. Distal 
ihecae distinguished by notably sigmoidal curvature of the ventral 


35 These species will be more at length described in a paper by the present 
writer, now under preparation, on the morphology and evolution of the Cucullo- 
£raptinae group. 
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wall — breadth of protheca 0.20-0.28 mm, maximum breadth of meta- 
theca 0.44-0.52 mm. Length of distal thecae 2.08-2.28 mm, length of 
protheca 1.56-1.72 mm, length of metatheca 0.52-0.60 mm. Distance 
between adjacent apertures of distal thecae 1.52-1.68 mm. Nearly 7 the- 
cae fit into 10 mm of the medial part of the rhabdosome. 


Fig. 19. — Structure of thecae in Lobograptus simplex n.sp. 

A fusellar structure of distal theca: 1 right side view, 

2 left side view; B apertural part of distal theca, ventral 

view; C apertural part of distal theca, dorsal view; D aper- 

tural part of distal theca, top view (boulder S. 219, Lublin), 
approx. X 70. 


Thecal apertures provided with two distihctly symmetric apertural 
lobes (fig. 19 4), overlapping the aperture (fig. 19 B, C) but not touching 
each other and fairly widely separated by a fissure (fig. 19 D). Lobes 
made up of few, arcuately bent fuselli (4 to 7), some of which (1 to 4) 
thin out dorsally without reaching the thecal wall, and giving the pro- 
cesses the shape of triangular ears (fig. 20). Fusellar structure of lobes 
strikingly resembles that of apertural lobes in Lobograptus exspectatus 
n.sp. and of L.scanicus parascanicus (Kiihne), (fig. 20). 

Occurrence. — "In situ” not recorded. Etched from a Silurian 
erratic boulder, of Scandinavian origin, 5. 219, collected at Lubin in the 
island of Wolin, Western Pomerania. The associated graptolite assemblage 
consists of Pristiograptus dubius (Suess), and Monoclimacis cf. miecropoma 
micropoma (Jaekel). This assemblage does not reliably indicate the 
exact stratigraphic horizon from which the collected boulder is derived, 


l 
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but the presence of M. cf. micropoma suggests the scanicus zone. Most. 


| 
| 


14 
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probably it is the lower part of that zone or the upper part of the 


nilssoni zone. 


Systematic position. — The symmetry of apertural lobes and their 
slight development justifies the view that L.simplex n.sp. may have led 
to L.exspectatus n.sp. and, by way 
ot further development of the 
apertural lobes and the introduc- 
tion of asymmetry, also to the 
remaining Cucullograptinae. The- 
cal structure and the supposed 
presence of dorsal curvature in 
the proximal part of the rhabdo- 
some apparently suggest that 
L.simplex n.sp. is linked with 
other forms from erratic boulders, 


displaying simpler structure of 

k Ś - . Fig. 20. — Fusellar structure of apertural 
apertural lobes. This PASY possibly lobe in Lobograptus simplex n.sp., illus- 
suggest that Cucullograptinae des-  trated by isolated and transparent right 

A > . „ lobe: A side view, B top view (boulder 

cend irom. forms with simple SI Eubin) *zówrożibśIG 
pristiograptid thecae, and not, as 
has been heretofore believed, from those with the hooked type of aper- 
tural lobes (comp. Urbanek, 1958, p. 23). 


Lobograptus exspectatus n.sp. 
(pl. II, fig. 1a-b, 3, 4; text-fig. 18B, 14 B) 


Holotypus: pl. II, fig. 1a-b, rhabdosome fragment, probably a nearly distal part. 
Derivatio nominis: excspectalus — Lat. expected. 


Diagnosis. — Cucullograptid with straight sicula, provided with 
a moderately marked dorsal process; proximal thecae tubular, thin, with 
very small overlap; distal thecae in metathecal portion expanded and 
provided with gently sigmoidal curvature of the ventral wall and with 
distinct overlap; thecal apertures on the whole rhabdosome length pro- 
vided with two symmetric lateral apertural lobes overlapping the aper- 
ture and medially touching one another. 

Material. — Some dozens of short rhabdosome fragments, the longest 
one with 7 thecae, several siculae with the 1st theca. Well enough pre- 
served for reconstruction of astogeny. 

Description. — Sicula about 1.40 mm long, terminating at the level 
"of lst theca. Apertures of proximal thecae spaced approx. 1.04 mm. 
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Breadth of protheca in these thecae about 0.08-0.12 mm, breadth of me- 
tatheca 0.20 mm. Apertures of distal thecae spaced about 0.96-1.44 mm. 
Breadth of protheca here approx. 0.28 mm, that of metatheca about 
0.44-0.64 mm. Approx. 7 thecae fit into 10 mm of the distal part of the 
rhabdosome. 

Thecal apertures provided with two lateral apertural lobes (fig. 14 B), 
seemingly downhanging, overlapping the aperture (pl. II, fig. 3 a-b). The 
lobes form a sort of roof over the aperture. Antero-ventral margin of 
lobes bluntly terminated, nearly straight. Median margins of lobes may 
slightly overlap, the right lobe being sometimes overlapped by the left 
or the other way about. This seems an at random arrangement. Hence 
there is no definite asymmetry noted in the lobes either with regard to 
overlap or size, and practically speaking, they are symmetric throughout 
the rhabdosome. The fusellar structure of lobes strongly resembles that 
of apertural lobes in Lobograptus simplex n.sp. and L. scanicus para- 
scanicus (Kiihne), (pl. II, fig. 4). The lobe here is made up of arcuately 
bent fuselli, gradually shortening, so that the last ones thin out dorsally, 
at about the middle of the lobe. 

Certain bendings of the proximal frasments seem to suggest a slight 
ventral curvature of: the rhabdosome. 


Occurrence. — Thus far unknown 'in situ”. Etched out of a Silurian 
erratic boulder of Scandinavian origin, S. 210, collected on the sea- 
-beach at Ustka, Western Pomerania. The accompanying graptolite 
assemblage consists of Pristiograpius dubius (Suess), Saetograptus chi- 
maera cf. cervicornis Urbanek, Monoclimacis micropoma nannopoma 
(Jaeger) and some few specimens of Monoclimacis haupti (Kiuhne). Two 
(?) other new species have, moreover, been ascertained. 

The composition of this assemblage suggests that the boulder is most 
likely referable to the lower part of the scanicus zone, but neither is the 
uppermost part of the nilssoni zone to be excluded. 


Systematic position. — In the fusellar structure of apertural lobes 
this form approaches nearer to the genus Lobograptus Urbanek than 
to Cucullograptus Urbanek. Typical representatives of the former ge- 
nus (L. scanicus scanicus (Tullb.) and L. scanicus parascanicus (Kiihne)) 
differ, however, in more straight arrangement of lobes and their asym- 
metry. From L. simplex this species differs above all in further deve- 
lopment of lobes, touching over the aperture. 

Most probably, the form described by the writer (Urbanek, 1958; 
fig. 43-44, p. 74-76) incorrectly as Lobograptus parascanicus (Kiihne) is 
conspecific with Lobograptus exspectatus n.sp. 
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Cucullograptus Urbanek, 1954 
Cucullograptus hemiaversus n. sp. 
(pl. II, fig. 2a-b; text-fig. 24, 6, 13E, 140) 


Holotypus: pl. II, fig. 2a-b, a fragment of the nearly distal part of the 
rhabdosome. 


Derivatio nominis: hemi — Lat. half; aversus — Lat. turned. Extent of overlap 
of the left lobe smaller than in Cucullograptus aversus (Eisenack). 

Diagnosis. — Cueullograptid with straight sieula, nearly lacking the 
dorsal process; proximal thecae thin, tubular, hardly overlapping, distal 
thecae notably broader, in the metathecal portion with a distinct sig- 
moidal curvature of the ventral wall and strongly overlapping; thecae 
provided with two apertural lobes, proximally nearly symmetric, in the 
medial thecae the left lobe characterized by hypertrophy and a pro- 
gressive overlap of the right lobe, in distal thecae it overlaps two thirds 
of the right lobe margin which is partly reduced. 

Material. — A score or so of simple thecae and rhabdosome fra- 
gments, two sieculae without the first theca. Reconstruction of astogeny 
possible. 


Description. — Sicula about 1 mm long, probably terminating below 
first theca (fig. 13 E). Length of proximal thecae over 1.60 mm, probably 
up to 2.40 mm. Breadth of protheca here approx. 0.08 mm, that of me- 
tatheca 0.20 mm, length of metatheca about 0.08-0.12 mm. Length of 
distal thecae approx. 2.12 mm, breadth of protheca here 0.20 mm, that 
of metatheca about 0.36 mm, length of metatheca approx. 0.80 mm. 

Right lobe made up of arcuately bent fuselli, flattiened; left lobe 
with similar fusellar structure gently domed, provided with a small 
beak. In medial and distal thecae the convexity of the left lobe inerea- 
ses similarly as its overlap onto the right lobe (fig. 6). By folding the 
margin the right lobe forms an incision in the antero-ventral portion 
to accommodate the expanding left lobe. Fusellar structure and shape 
of the left lobe (fig. 6) conspicuously analogous to the structure of that 
lobe in Cucullograptus aversus rostratus n. subsp. 

Occurrence. — "In situ” unknown. Etched out of a Silurian erratic 
block, of Scandinavian origin, S. 200, collected on the sea-beach in Re- 
wal, Western Pomerania. The accompanying graptolite assemblage con- 
tains Pristiograptus dubius (Suess), Saetograptus chimaera cf. salweyi 
(Hopk.) and S. chimaera cf. cervicornis (Urb.). Most likely this erratic 
block was derived from the upper part of the scanicus zone. Similar 
iorms (C. cf. hemiaversus) have been found in deep-boring Mielnik 
(comp. p. 180). 

Systematic position. — Structure of thecae, most particularly that 
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of apertural lobes, leaves no doubt that this species belongs to. the same 
evolutionary trend as Cucullograptus aversus (Eisenack), but that it 
represents a lower morphological stage expressed only in partial reduc- 
tion of the right lobe and smaller hypertrophy and overlap of the left 
lobe. 


Cucullograptus aversus rostratus n. subsp. 
(pl. III, fig. 1-5; text-fig. 13 G, 14 D, 21) 


1954. Monograptus aversus Eisenack; A. Urbanek, Observations on some Mono- 
graptidae, p. 297-300, fig. 9-12. 

1958. Cucullograptus aversus (Eisenack); A. Urbanek, Monograptidae from erratic 
boulders, p. 70-72, fig. 36-39. ć 


Holotypus: pl. III, fig. 5, single distal theca. 

Paratypus: pl. III, fig. 3, single medial theca. 

Derivatio nominis: rostrum — Lat. beak; provided with a beak-shaped process 
of the left lobe in more distal thecae. 

Diagnosis. — From the typical form, Cucullograptus aversus aversus 
(Eisenack), (Eisenack, 1942, pl. 2, fig. 1-10; also pl. II, fig. 6 of the pre- 
sent paper), it differs in doming of the left lobe, stronger folding of 
its free margin, and in the presence of a well developed spade-like 
outgrowth forming a distinct beak on left lobe; in the distal thecae 
this outgrowth attains a length equal to that of the left lobe, in medial 
thecae it is smaller, in proximal lacking. These differences are distinct 
enough to permit the separation of that form into a new subspecies. 


Material. — Simple thecae from erratic boulders and very numerous 
fragments, including siculae from bore-core Mielnik. Reconstruction of 
astogeny possible. 


Description. — Thecae on the whole resembling those of Cucullo- 
graptus aversus aversus (Eisenack); sicula straight, tubular, 1.00-0.80 mm 
long, provided with a very poorly developed dorsal process. Proximal 
thecae thin, tubular, 2.00-2.12 mm in length, length of protheca 1.96- 
-1.84 mm, that of metatheca including the apertural lobe 0.16 mm. width 
of protheca 0.06-0.12 mm, that of metatheca 0.12-0.16 mm. The most 
distal ones among the known thecae are provided with a strongly 
expanding metatheca, but are without a distinct curvature of the vent- 
ral wall. Length of more distal thecae 1.80-2.20 mm, length of protheca 
here 1.80-1.44 mm; length of metatheca including the lobe 0.36 to 
0.40 mm, breadth of protheca 0.12 mm, maximum breadth of metatheca 
0.20-0.24 mm**. There are 7 thecae in 10 mm of the medial part of 
the rhabdosome. 


36 Measurement data based on the better preserved specimens from a core 
from the Mielnik boring. 
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Apertural apparatus composed of the left lobe only which displays 
hypertrophy and overlaps the aperture. Right lobe vestigial, represent- 
ed merely by a narrow and Iolded apertural lip, covered by the left 
lobe (fig. 21, broken lines). Left lobe of median and distal thecae pro- 
vided with a terminal outgrowth either in the shape of a short spade 
(boulder S. 121, comp. pl. III, fig. 1,2), or somewhat longer and sharply 
pointed (boulder S. 205, comp. pl. III, fig. 3-5; also specimens from the 
bore-core of the Mielnik boring). This outgrowth may be either nearly 
straight or sinistro-dorsally bent with a tendency to slight spiral coiling. 
The size of the outgrowth increases successively in the distal direction 
(fig. 21 C), while the most proximal thecae are without it, but provided 
with additional membrane on ventral wall (fig. 21, 4, B, m). 


Remark. — The writers specimens (1954, 1958) strongly resemble 
forms described by Kiihne (1955, fig. 13, p. 389-391), which seem rea- 
sonably referable to the subspecies rostratus, even though their out- 
growth on the left lobe is slightly less well developed than that in 
typical forms. 


Occurrence. — Thus far known from numerous rhabdosome frag- 
ments and single thecae. In the writers material known from Silurian 


Fig. 21. — Astogenetic variation of thecae in Cucullograptus 

adversus rostratus n.subsp. A first theca, B medial theca, 

C more distal theca, all left side view; m additional membrane 

on ventral wall (deep-boring Mielnik, depth 925 m); approx. 
X 70. 


erratie blocks of Scandinavian origin, S. 121 and S. 205, collected at 
sea-beaches at Jarosławiec and Ustka, Western Pomerania. In the first 
of the named boulders this form is not accompanied by any other grap- 
solite fossils, while in S. 205 it occurs in an assemblage containing 
Pristiograptus dubius (Suess) and some badly preserved forms, possibly 


518 ADAM URBANEK 


referable to Monoclimacis ef. haupti (Kiihne). Quite recently it has also 
been discovered in a bore-core (deep boring at Mielnik on the Bug, at 
depth between 920 and 925 m). It occurs there in association with 
Pristiograptus dubius (Suess) and P. bohemicus (Barr.), also Scolecodon- 
ta. The presence of this form is characteristic of a layer occurring 9 m 
above a bed with M. ef. leitwardinensis (Hopkinson), some 15 m above 
the latest occurrence of Saetograptus chimaera cf. salweyi (Hopkinson) 
and 30-35 m above the true scanicus zone. This suggests the upper part 
of the Lower Ludlovian as the probable 'stratum typicum” or, in any 
case, horizons distinctly higher than the top of the scanicus zone. 


Systematic position. — Doubtlessly this form is very closely allied 
with Cucullograptus aversus aversus (Eisenack), (pl. II, fig. 6) from 
which it differs, however, in stronger expressivity of a number of cha- 
racters and more advanced development of the apertural apparatus. 
Hence it may be considered as a more advanced evolutionary stage of 
the same phylogenetic lineage. 

* * 
5 

The name Lobograptus scanicus scanicus (Tullberg) is here applied 
to a form identical with that described by Bulman (1953) as Monograp- 
tus scanicus Tullberg. The relation of that form to Tullberg's originals 
(type specimens) described from Scania (Cardiolaskiffern, Marianelund; 
Skanes graptoliter, II, 1883, pl. 2. fig. 38-44) have not, however, been 
as yet determined. These specimens were not accessible to the writer, 
and probably were lost, while the Ask specimens, by Tullberg identified — 
as M. scanicus, which were made available through the courtesy of Dr F. - 
Brotzen from Sveriges Geologiska Undersókning, Stockholm, are not 
sufficiently well preserved to permit a perfectly reliable decision as to 
whether they may be referred to Bulman's M. scanicus Tullberg or 
rather to M. parascanicus Kuhne. Therefore it is suggested to retain 
for these forms the names given by Bulman (1958) and Kiihne (1955). 


Palaeozoological Laboratory 
of the Polish Academy oj Sciences 
and of Warsaw University 
Warsaw, March 1960 


REFERENCES 


ABELOOS, M. 1927. I.es thóories de la polaritć dans les phóćnomenes de regenć- 
ration. — Bżol. Rew., 2, 2, 91-128, Cambridge. 
— 1955. Le probleme morphogćnćtique dans la rógónćration des Annćlides 
Polychetes. — Bull. Soc. Zool. France, 80, 4, 228-256, Paris. 


EVOLUTIONARY CHANGES IN GRAPTOLITE COLONIES 519 


ALLE, W. C., EMERSON, A. E., PARK, O., PARK, TH. % SCHMIDT, K. P. 1950. 
Principles of animal ecology. (Pol. transl.: 1958, Zasady ekologii zwierząt, 
I/II, 1-597, 1-502, Warszawa). 

ASTAUROFF, B. L. 1929. Studien iiber die erbliche Verinderung der Halteren bei 
Drosophila melanogaster. — Ztschr. Wiss. Biol., Abt. D; W. Roux Archiv 
Entw.-mech. Organismen, 115, 1/2, 424-447, Berlin. 

BALTZER, F. 1925. Untersuchungen iiber die Entwicklung und Geschlechtsbestim- 
mung der Bonellia. — Publ. Staż. Zool. Napoli, 6, 223-288, I, 562 (fide Hart- 


mann, 1948). 
— 1932. Uber die ohne Risselparasitismus entstehenden Spiitmannchen (genetische 
Mannchen) der Bonelia viridis. — Rev. Suisse Zool., 39, 11, 281-305, Geneve. 


— 1937. Analyse des Goldschmidtschen Zeitgesetzes der Intersexualitat auf Grund 
eines Vergleiches der Entwicklung der Bonelia- und Lymantria-Intersexe. — 
Arch. Entw. Mech., 136, (fide Hartmann, 1943). 

,,BARTH. L. G. 1938. Quantitative studies of the factors governing the rate of re- 


generation in Tubularia. — Biol. Bull., 74, 2, 155-177, Lancaster. 
— 1940. The process of regeneration in hydroids. — Biol. Kev., 15, 405-420, 
Cambridge 


— 1949. Embryology. (Russ. transl.: 1951, 1-238, Moskva). 
BEER, G. de. 1958. Embryos and ancestors. 12-190, Oxford. 
BEKLEMISEV, V. N. 1950. K problemie individualnosti v biologii. — Usp. Sov. 
Biol., 29, 1, 91-120, Moskva. 
BLACKIE, R. C. 1926. The geology of the country between Llanelidan and Bryne- 
glwys. — Quart. J. Geol. Soc., 83, 5, 3382, 711-736, London. 
BOSWELL, P. G. H. 1926. A contribution to the geology of the eastern part of 
the Denbigshire moors. — Ibidem, 82, 4, 328, 556-585. 
— 1928. The salopian rocks and tectonics of the district south-west of Ruthin 
(Denbigshire). — Ibidem, 83, 5, 332, 689-710. 
BOUCEK, B. 1933. Monographie der Obersilurischen Graptolithen aus der Familie 
Cyrtograptidae. — Trav. Imst. geol. paldont. Univ. Charles, 1, 1-84, Praha. 
BOUCEK, B. 8 PRIBYL, A. 1953. O rodu Diversograptus Manck z ćeskeho siluru. — 
Sborn. Ustf. Ust. Geol., 20, 485-576, Praha. 
BULMAN, O. M. B. 1938. Graptolithina. In: Handbuch der Paladozoologie, hrsg. 
v. O. H. Schindewolf, 20, 1-92, Berlin. 


— 1950. Rejuvenation in a rhabdosome of Dictyonema flabelliforme. — Geol. 
Mag., 87, 5, 351-352, Hertford. 

— 1951. Notes on thecal variation in Monograptus. — Ibidem, 88, 316-328, 

— 1953. On the thecae of Monograptus scanicus Tullberg. — Ibidem, 9%, 2, 
131-136. 


— 1955. Graptolithina. In: Treatise on invertebrate paleoatology, 1-101, Kansas. 
— 1957. Graptolites. In: Treatise on marine ecology and paleoecology, 2. — 
Geol. Soc. Amer. Mem., 67, 987-991, New York. 
— 1958. Patterns of colonial development in graptolites. — J, Linnean Soc. Lon- 
don, Zool., 44, 295; Bot. 56, 365, 24-32, London. 
BUNNING, E. 1953. Entwicklungs-und Bewegunssphysiologie der Pflanze. 1-529, 
Berlin-Heidelberg. 
*"'ARTER, G. S. 1951 (1954), Animal evolution. 1-361, London. 
€HILD, CH. M. 1915. Individuality in organisms. 1-213, Chicago. 
— 1941. Patterns and problems.of development. 1-811, Chicago. 


220 ADAM URBANEK 


DAVIES, K. A. 1929. Notes on the graptolite faunas of the Upper Ordovician and 
Lower Silurian. — Geol. Mag., 66, 175, 1-27, London. 

DAVITAŚVILI, L. S. Cenozy źivych organizmov i organićeskich ostatkov (Opyt 
klassifikacii). — Bull. Acad. Sci. Georgian SSR, 6, 7, 527-534, Tbilisi. 
DAWYDOFF, C. 1948. Classe des Ptćrobranches. In: Grasse, Traitć de Zoologie, 

9, 454-589, Paris. 

DOBZHANSKY, Th. 1937 (1951). Genetics and the origin of species. 1-344, New 
York. 

DODSON, E. O. 1952. A textbook of Evolution. 1-398, Philadelphia and London. 

DOGEL, V. A. 1954. Oligomeryzacja gomologićnych organov. 1-351, Leningrad. 

EISEL, R. 1912. Uber zonenweise Entwicklung der Rastriten und Demirastriten in 
den mittelsilurischen Graptolithenschiefern Thiiringens und Sachsens. — 
Jber. Ges. Fr. Naturwiss., 58/54, 27-48. Gera. 

EISENACK, A. 1942. Uber einige neue Funde von Graptolithen aus ostpreussischen 
Silurgeschieben. — Ztschr. Geschiebeforsch. Flachlandsgeol., 18, 29-42, Leip- 
zig. 

ELLES, G. L. 1922. The Graptolite Faunas of the British Isles. A study in evolu- 
tion. — Proc. Geol. Assoc., 33, 168-200, London. 

— 1944. Upper Silurian graptolite zones. — Geol. Mag., 81, 6, 275-277, Hertford. 

ELLES, G. L. ż WOOD, E. M. R. 1901-1918. A monograph of British Graptolites. 
Pts. I-XI. — Palaeontogr. Soc., 21, 171-539, London. 

EPHRUSSI, B. 1942. Chemistry of *"eye color hormones” of Drosophila. — Quart. 
Rev. Biol., 17, 4, 321-338, Baltimore. 

GAST, R. śś GODLEWSKI, E. 1903. Die Regulationserscheinungen bei Pennaria 


cavolinii. — Arch. Entw.-mech. Org., 16, 1, 76-116, Leipzig. 

GEKKER, R. F. 1953. Ustrićniki i ustrici ferganskogo paleogena (paleoekologo-evo- 
lucjonnyj analiz), — Bull. Mosk. Obść. Isp. Prir., N. S. Geol, 28, 3, 82, 
Moskva. 


GOLDSCHMIDT, R. 1935. Gen und Ausseneigenschaft, I. — Ztschr. ind. Abstl., 69 

38-69, Berlin, 

— 1938. Physiological Genetics, 1-375, New York — London. 

— 1946. ”An empirical evolutionary generalization” viewed from the standpoint 
of phenogenetics. — Amer. Nat., 80. 305-317, Lancaster, Pa. 

HADORN, E. 1955. Letalfaktoren, in ihrer Bedeutung fiir Erbpathologie UB Gen- 
physiologie der Entwicklung. 1-327, Stuttgart, 

HARLAND, S. C. 1986. The genetic conception of the species. — Biol. Reviews, 
11, 1, 83-112, Cambridge. 

HARNLY, M. H. 1936a. The temperature-effective periods and the growth curves 
for length and area of the vestigial wings of Drosophila melanogaster. — 
Genetics, 21, 84-103 (fide Śmalgauzen, 1946). 

HARNLY, M. H. 8: HARNLY, M. L. 1936b. The effects of the gene on growth and 
differentiation as shown by the temperature responses of pennant and its 
heterorygote in D. melanogaster. — J. Eap. Zool., 74, 1, 41-59, Philadelphia. 

HARTMANN, M. 1943. Die Sexualitit. 12-414, Jena. 

HEDE, J. H. 1942. On the correlation of the Silurian of Gotland. — Medd. Lunds 
Geol.-Min. Imst., 101, Lunds Geol. Fśltkl., 1- 25, Lund. 

HERSH, A. H. 1929. The effect of different sections of the X-chromosome upon 


bar eye in Drosophila melanogaster. — Amer. Nat., 63, 318 (fide' Carteń 
1951). | 


EVOLUTIONARY CHANGES IN GRAPTOLITE COLONIES 221: 


— 1930. The facet-temperature relation in the bar series of Drosophila. — 
J. Exp. Zool., 57, 288-306 (fide Goldschmidt, 1938). 
„HORNY, R. 1958. Stratigrafiske a paleoekologicke poznamky. In: Horny, R., Prantl, 
| F., Vanek, J. K otazce hranice mezi wenlockem a ludlowen: w Barran- 
| dienu. — Sborn. Ustł. Ust. Geol., 24, 217-278, Praha. . 
HORST, C. J. van der. 1939. Hemichordata. In: Bronn, H. G. Klassen und Ordnun- 
gen des Tierreichs. 4, 4, 2, 2, 1-725, Leipzig. 
'HORSTADIUS, S. 1935. Uber die Determination im Vorlaufe "sę Eiachse bei 
Seeigeln. — Publ. Staz. Zool. Napoli, 14 (fide Hórstadius $%z Gustafson, 1948). 
'HORSTADIUS, S. %ż GUSTAFSON, T. 1948. On the developmental physiology of 
the sea urchin. In: Symposia of Soc. Exp. Biol. I, Growth..., 50-56, Cam- 
bridge. 
HUXLEY, J. 1932. Problems of relative growth. 1-276, London. 
— 1942 (1945). Evolution, the modern synthesis. 1-645, London. 
— 1950. Relative growth and form transformation. In: Zuckerman, A discussion 
i on the measurement of growth and form. — Proc. Roy. Soc. (B), 137, 889, 
465-469, Cambridge. 
EUXLEY, J. S. £ de BEER, G. R. 1934. The elements of experimental embryolo- 
gy. 121-498, Cambridge. 
.JAEGER, H. 1959. Graptolithen und Stratigraphie des jiingsten Thiiringer Si- 
lurs. — Abh. deutsch. Akad. Wiss., 2, 1-197, Berlin. 
JENKINS, T. J. 1939. The cytogenetic relationships of four species of Crepis. — 
Univ. Calif. Publ. Agr. Sci., 6, 369-400 (fide Schwanitz, 1954). 
JOYSEY, K. A. 1959. The evolution of the liassic oysters Ostrea — Gryphaea. — 
Biol. Rev., 34, 3, 297-332, Cambridge. 
KOZŁOWSKI, R. 1948. Les Graptolithes et quelques nouveaux groupes d'animaux 
du Tremadoc de la Pologne (Graptolity i parę nowych grup zwierząt z Tre- 


madoku Polski). — Palaeont. Pol., 3, 1-235, Warszawa. 
— 1953. Etude d'une nouvelle espece du genre Corynoides (Badania nad no- 
wym gatunkiem z rodzaju Corynoides). — Acta Geol. Pol., 3, 2, Consp. 


68-81, Warszawa. 

— 1956. Nouvelles observations sur Corynoididae (Graptolithina) (Nowe obser- 
wacje nad Corynoididae, Graptolithina). — Acta Palaeont. Pol., 1, 4, 259- 
-269, Warszawa. 

RAATZ, R. 1958. Stratigraphische u. paldontologische Untersuchungen (besonders 
im Gotlandium) im Gebiet zwischen Wieda und Sorge (Siidl. Westharz). — 
Ztschr. deutsch. geol. Ges., 110, 1, 22-70, Hannover. 

KRUMBACH, TH. 1937. Grundziige der Form und Formgeschichte der Vermes 

Oligomera. Ein Versuch. Kiikenthal's Handb. Zool., 3, 2, 10, 8-66, Berlin 


u. Leipzig. 
KKUHN A., CASPARI, E, PLAGGE, E. 1935. Uber hormonale Genwirkungen bei 
Ephestia kiihniella. — Nachr. Ges. Wiss. Goettingen, Math. — Phys. KI, 


N. F., Nachr. Biol., 2, 1-29, Goettingen. 

KUHN, A. £ HENKE, K. 1929-1936. Genetische u. entwicklungsphysiologische 
Untersuchungen an der Mehlmotte Ephestia kiihniella Zeller I-XIV. — Abh. 
Ges. Wiss. Goettingen, Math.-Phys. Kl. N. F., Biol., 15, 1-3, 1-272, Goettin- 
gen. 

<'JHNE, W. G. 1955. Unterludlow-Graptolithen aus Berliner Geschieben. — N. Jb. 
Geol. Pal. Abh., 100, 3, 350-401, Stuttgart. 


229 ADAM URBANEK 


LAWSON, J. D. (editor) et all. 1954. Fossil Range Charts. In: Ludlovian Research 
Bull., 2 (cyclostyled), Birmingham. 
LEHMANN, F. E. 1945. Einfiihrung in die physiologische Embryologie, 1-414, 


Basel. 
LINDAHL, P. E. 1942. Contribution to the physiology of form generation in the 
development of sea urchin. — Quart. Rev. Biol., 17, 3, 213-227, Baltimore. 


MALINOWSKI, E. 1958. Genetyka. 1-569, Warszawa. k” 

MANCK, E. 1923. Untersilurische Graptolithenarten der Zone 10 d. Obersilurs, 
ferner Diversograptus g.n. — Natur, 14, 282-289, Leipzig. 

MOHR, O. L. 1932. On the potency of mutant genes and wild-type allelomorphs. — 
Proc. 6th Int. Congr. Gen., 1, 190-212, Ithaca, N. Y. 

NEEDHAM, J. 1942. Biochemistry and morphogenesis, 1-689, Cambridge. 

OLSON, E. C. $ż MILLER, R. L. 1958. Morphological Integration. 154-317, Chicago. 

OVERBEEK, J. van. 1935. The growth hormone and the dwarf type of growth in 
corn. — Nat. Acad. Sci. Proc., 21, 292-299 (fide Went 6. Thimann, 1937 
(1945)). 

— 1938. "”Laziness” in maize due to abnormal distribution of growth hormo- 
ne. — J. Heredity, 29, 9, 339-341, Baltimore. 

PLAGGE, E. 1939. Genabhingige Wirkstoffe bei Tieren. — Ergebn. Biol., 17, 
105-150, Berlin. 

POLEŻAIEV, L. V. 1945. Osnovy mechaniki razvitja pozvonoćnych. 1-287, Mosk- 
va-Leningrad. 

PRIBYL, A. 1941. Pernerograptus nov. gen. a jeho zastupci z ćeskeho a ciziho 
siluru. — Vóstn. Krdl. Cesk. Spol. Nauk., Mat. — Płiv., Praha. 

— 1942. Revise Pristiograptus z podrodu. Colonograptus nov. subg. a Saetograp- 
tus nov. subg. — Rozpr. II Tr. Cesk. Akad., 52, 15, 1-22, Praha. 

—  1946a. Płispóvek k novć systematice graptolitu z eledi Monograptidae 
Lapw. — Vóstn. Stót. Geol. Ust., 21, 274-285, Praha. 

—  1946b. Prehled vyvoje graptolitu z Ćeledć Monograptidae Lapw.1873 a po- * 
znamky k druhu Demirastrites denticulatus (Tórnquist). — Vestn. Krdl. Cesk. 
Spol. Nauk., Mat-Priv., 1-24. Praha. 

PRIBYL, A. 8% MUNCH, A. 1941. Revise strtedo-evropskych zastupcu rodu De- 
mirastrites Eisel. — Rozpr. II. Ty. Cesk. ĄAkade,5b, 81, 1-28, Praha: 

ROSE, S. M. 1957. Cellular interaction during differentiation. — Biol. Rev., 32, 
4, 351-382, Cambridge. 

RUNNSTRÓM, J. 1928. Plasmabau und Determination bei Ei von Paracentrotus 
lividus Lk. — Ztschr. Wiss. Biol., Abt. D, Arch. Entw.-mech., 113, 556, 
Berlin. 

SATO, T. 1936. Vorl. Mitteilung iiber Atubaria heterolopha n.sp.n.gen. einers in 
freien Zustand aufgefundenen Pterobranchier. — Zool. Anz., 115, Leipzig. 

SCHAFER. W. 1957. Aufgaben u. Ziele der Mceerespaliontologie. — Naturwissen- 
schaften, 44, 10, Berlin. ; 

SCHINDEWOLF, O. H. 1950. Grundfragen der Paliontologie. 5-506, Stuttgart. a 

SCHWANITZ, F. 1954. Genetik und Evolutionforschung bei Pflanzen. In: Heberer;S 
G. Die Evolution der Organismen. 3, 425-551, Stuttgart. = 

SEITZ, O. $£ GOTHAN, W. 1928. Palaontologisches Praktikum. 1-168, Berlin. Ę 

SHAFER, J. J. 1939. Physiology of lazy corn. — Bot. Gaz., 101, 1, 68-80, Chicago. 

SIMPSON, G. G. 1944, Tempo and mode in evolution. 1-237, New York. 

— 1953 (1955), The major features of evolution. 1-434, New York. 


+ =dddadłigi 20. 


EVOLUTIONARY CHANGES IN GRAPTOLITE COLONIES 223 


SINNOT, E., DUNN, IL. ©, DOBZHANSKY, Th. 1950. Principles of genetics, 1-493, 
New York-Toronto. 
SIRKS, M. J. 1956. General Genetics. 1-628, Hague. 
"SMALGAUZEN, I. I. 1938 (1942). Organizm kak celoe v individualnom i istorite- 
skom rozvitii (fide SŚmalgauzen, 1946). 
— 1946. Faktory evolucii, 1-393, Moskva-Leningrad. 
SNOW, R. 1925. The correlative inhibition of the growth of auxillary buds. — 
Ann. Bot., 39, 841-859, London (fide Went $ż Thimann, 1937 (1945)). 
— 1929. The young leaf as the inhibiting organ. — New aż 28, 345-358 
(fide Went $ Thimann, 1937 (1945)). 
SPEMANN, H. 1927. Neue Arbeiten iiber Organisatoren in der tierischen Entwick- 
lung. — Naturwiss., 15, 48/49, 946-951, Berlin. 
— 1936. Experimentelle Beitrige zu einer Theorie der Entwicklung. Berlin. 
S5PIEGELMAN, S. 1946. Physiological competition as a regulatory mechanism in 
morphogenesis. — Quart. Rev. Biol., 20, 2, 121-146, Baltimore. 
5RB, A. M., OWEN, R. D. 1955. General Genetics (Pol. transl. Genetyka ogólna. 
1959, 1-584, Warszawa). 
STERN, C. 1930. Multiple Allelie. In: Baur, E. % Hartmann, M. Handbuch der 
Vererbungswissenschaft, 1, G, 1-147, Berlin. 
— 1949. Gene and character. In: Jepsen, G. L., Mayr, E. $ż Simpson, G. G, 
Genetics, Paleontology and Evolution. 13-22, New Jersey. 
STRACHAN, I. 1952. On the development of Diversograptus Manck. — Geol. Mug., 
89, 5, 365-368, Hertford.. 
STURTEVANT, A. H. 1920. The vermilion gene and gynandromorphism. — Proc. 
Soc. Exp. Biol. Med., 17, 10-71 (fide: Ephrussi, 1942). 
SUDBURY, M. 1958. Triangulate monograptids from the Monograptus gregarius 


zone (Lower Llandovery) of the Rheidol Gorge (Cardiganshire). — Phil. 
Trans. R. Soc. London, Biol. Sci., 685, 241, 485-555, London. 

'SWINNERTON, H. H. 1932. Unit characters in fossils. — Biol. Rev., 7, 321-335, 
Cambridge. 


— 1947 (1950). Outlines of Palaeontology. 10-378, London. 

| TARDENT, P. 1956. Propf-Experimente zur Untersuchung des regenerationshem- 
menden Stoffes von Tubularia. — Rev. Suisse Zool., 63, 2, 229-236, Geneve. 

TARDENT, P. %% TARDENT, R. 1956. Wiederholte Regeneration bei Tubularia. — 
Publ. Staż. Zool. Napoli, 28, 367-396, Napoli. 

TARDENT, P. ż EYMANN, H. 1959. Some physical and chemical properties of the 
regeneration-inhibitor in Tubularia. — Arch. Entw.-mech. Org., 151, 1-37. 

| THIMANN, K. V. 1937. On the nature of inhibitions caused by auxin. — Amer. 

J. Bot., 24, 407-412 (fide Went 8: Thimann, 1937 (1945)). 

"'THIMANN, K. V. %£ SKOOG, F. 1938. Studies on the growth hormone of plants. 
III. The inhibiting action of the growth substance on bud development. — 
Natl. Acad. Sci. Proc., 19, 714-716 (fide Went 8: Thimann, 1937 (1945)). 

— % — 1934. On the inhibition of bud development and other functions of growth 
substance in Vicia Faba. — Roy. Soc. London Proc., B, 114, 311-339 (fide 
Went ś$z Thimann, 1937 (1945)). 

THOMPSON, D'ARCY, W. 1917 (1952). On growth and form. I/II, 1-464, 465-116, 
Cambridge. 

FHORSTEINSSON, R. 1955. The mode of cladial generation in Cyrtograptus. — 
Geol. Mag., 92, 1, 37-49, Hertford. 


224 ADAM URBANEK 


TIMOFEEFF-RESSOVSKY, N. W. 1931. Gerichtetes Variierer in der phadnotypi- 
schen Manifestierung einiger Generationen von Drosophila funebris. — Na- 
turwiss., 19, 23-25, 493-497, Berlin. 

— 1934, Uber den Einfluss des genotypischen Milieus und der Aussenbedin- 
gungen auf die Realisation des Genotyps. Genmutation vti (venae transver- 
sae incompletae) bei Drosophila funebris. — Nachr. Ges. Wiss. Goettingen, 
Math.-Phys. Kl, N. F., Biol., 1, 6, 53-106, Berlin. 

TOMCZYK, H. 1956. Wenlok i Ludlow w synklinie kieleckiej (Wenlock and Ludlow 
in the Kielce syncline of the Święty Krzyż Mts.) — Inst. Geol., Prace, 15, 
1-129, Warszawa. 3 

TUKEY, H. B. (ed.) 1954. Plant regulators in agriculture. New York. (Russ. transl. 
1958. Regulatory rosta rastenij v selskom chozjaistve, 1-387, Moskva). 

TWEEDELL, K. S. 1958. Inhibitors of regeneration in Tubularia. — Biol. Bull., 114, 
2, 255-269, Lancaster. 

URBANEK, A. 1958. Sur deux especes de Monograptidae (O dwóch gatunkach 
Monograptidae), — Acta Geol. Pol., 3, 2, 277/—298; Consp. 100-107, Warszawa. 

— 1954. Some observations on the morphology of Monograptidae (Obserwacje 


nad morfologią pewnych Monograptidae). — Ibidem, 4, 2, 291-306; Consp. 
18-88. 

— 1958. Monograptidae from erratie boulders of Poland (Monograptidae z gła- 
zów narzutowych Polski). — Palaeont. Pol., 9, 1-105, Warszawa. 


WADDINGTON, C. H. 1940. Organisers and genes. 1-160, Cambridge. 
— 1956. Principles of Embryology. 1-495, London—New York. 

WAERN, B., THORSLUND, P.. HENNINGSMOEN, G. 1948. Deep boring through 
Ordovician and Silurian strata at Kinnekulle, Vestergótland. — Bull. Geol. 
Imst. Uppsala, 32, 331-478, Uppsala. 

WAGNER, R. P. £ MITCHELL, H. K. 1955. Genetics and Metabolism. New York — 
London (after Russ. transl. 1958. Genetika i obmen veśćestv, 1-426, Moskva). 

WALKER, M. 1953. The sicula of Monograptus scanicus Tullberg. — Geol. Mag., 
90, 3, 224, Hertford. 

WENT, F. W. 8. THIMANN, K. V. 1937 (1945). Phytohormones. 111-283, New 


York. 
WESTOLL, T. S. 1950. Some aspects of growth studies in fossils. In: Zuckerman, 
A discussion on the measurement of growth and form. — Proc. Roy. Soc., 


(B), 137, 889, 490-509, Cambridge. 
ZERNOV, S. A. 1949. Obśćaja gidrobiologija. 1-587, Moskva-Leningrad. 


ADC 2" w St. MZAMINA 


EVOLUTIONARY CHANGES IN GRAPTOLITE COLONIES 225 


ADAM URBANEK 


PRÓBA INTERPRETACJI BIOLOGICZNEJ ZMIAN EWOLUCYJNYCH 
W KOLONIACH GRAPTOLITOW 


Streszczenie 


Analiza budowy kolonii w wielu grupach Graptoloidea pozwala stwierdzić, że 
teki wykazują wzdłuż rabdozomu regularną sukcesję morfologiczną. Różnice mor- 
fologiczne tek mogą polegać zarówno na braku lub obecności określonych segmen- 
tów teki, jak i na modyfikacjach budowy tego samego segmentu. Te ostatnie wy- 
rażają się stopniem manifestowania się szeregu cech, określających wielkość, 
| kształt i symetrię przydatków aperturalnych. Analiza zmian ewolucyjnych w po- 
_ szczególnych liniach filogenetycznych wykazuje, że polegają one na stopniowym 
rozprzestrzenianiu się nowego typu teki, który początkowo występuje tylko w części 
proksymalnej lub dystalnej. Sposób początkowego manifestowania się nowej cechy 
nie jest jednak zależny od tego, czy jest ona z morfologicznego punktu widzenia 
cechą „progresywną” lub „regresywną”. Hipotezy Elles (1922) i Westolla (1950), 
wysunięte dla objaśnienia zjawisk ewolucji kolonii graptolitów, nie mogą być 
więc uznane obecnie za wystarczające. Opierając się na nowych badaniach nad 
graptolitami oraz na danych fizjologii, mechaniki rozwoju i genetyki, autor wysuwa 
nową hipotezę roboczą, objaśniającą organizację morfofizjologiczną kolonii grapto- 
litów i przypuszczalne mechanizmy zmian genetycznych, jakim podlegały one w pro- 
cesie ewolucji. 


Z. biologicznego punktu widzenia, kolonie graptolitów mogą być uważane za 
| całości zwarcie zintegrowane. Integracja osobników zachodziłaby przez domino- 
| wanie fizjologiczne ośrodka sikularnego. Dominowanie to realizowałoby się przez 
| rozprowadzanie wytworzonych przez sikulozoida substancji morfogenetycznie aktyw- 
| nych, zbliżonych do hormonów. Substancje te byłyby rozprowadzane wzdłuż osi 

kolonii, przypuszczalnie przy pomocy stolonu. Stężenie tych substancji wykazy- 
| wałoby regularny spadek, czyli gradient wzdłuż osi kolonii. Określona sukcesja 
, astogenetyczna tek, tak charakterystyczna dla wyższych Graptoloidea, znajdowałaby 


wyjaśnienie w świetle teorii gradientów fizjologicznych, wypowiedzianej przez 
| Childa (1915, 1941) i podjętej przez szereg badaczy. Postać zooida, a co za tym 
! idzie — także teki, byłaby zależna od ilości substancji morfogenetycznych, działa- 
| jących w danej części rabdozomu. Tłumaczy to zarazem regularną sukcesję astoge- 
inetyczną tek, w szczególności wśród graptolitów o koloniach dwukształtnych 
( („biform”). 

Proces kladogenezy u Cyrtograptus Carruthers, zbadany przez Thorsteinssona 
(0355), pozwala zanalizować sukcesję astogenetyczną tek przy powstawaniu odga- 
ięzień bocznych rabdozomu. Stwierdzono, że pierwsze teki gałęzi bocznej odpowia- 
'deją swym typem morfologicznym tekom bardziej dystalnym, niż wynikałoby to 
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z ich odległości od sikuli. Zjawisko to można zrozumieć przez analogię ze zja- 
wiskami hamowania wzrostu gałęzi bocznych przez pęd główny u roślin. Podobne 
przyczyny powodowały opóźnienie w tworzeniu się gałęzi bocznej w stosunku do 
głównej u Cyrtograptus. Ponadto rozwijałaby się ona dopiero po osiągnięciu rów- 
nowagi w stężeniu substancji aktywnych na wierzchołkach obu gałązek. Tłumaczy 
to z kolei jednakową postać tek, pączkujących jednocześnie na obu gałązkach. 
Boczne gałązki stanowiłyby odpowiednio ośrodki dominujące I, II i ewentualnie 
wyższych rzędów; hamowałyby one tworzenie się pączków na pewnej odległości 
od siebie, warunkując mniej lub bardziej stałe wzajemne odległości gałązek bocz- 
nych dla poszczególnych gatunków Cyrtograptus. 

Z genetycznego punktu widzenia, kolonia graptolitów może być uważana za 
pewnego rodzaju klon, tj. zespół organizmów mających ten sam genotyp. Zróżni- 
cowanie astogenetyczne osobników kolonii stanowiłoby zatem jedynie wyraz różnego 
fenotypowego przejawiania się tego samego genomu. Ewolucja graptolitów polega- 
łaby na modyfikacjach astogenezy, przy czym (z genetycznego punktu widzenia) 
odpowiadałyby one zmianom stopnia penetracji i siły przejawiania się (ekspre- 
sywności) poszczególnych cech w obrębie kolonii. Zmiany te wywołane byłyby 
mutacjami genów, kontrolujących powstawanie określonych cech teki, lub zmie- 
niających ilość produkowanych przez sikulozoida substancji morfogenetycznych. 
Te ostatnie pod względem genetycznym wpływają stymulująco lub hamująco na 
przejawianie się fenotypowe określonych genów. 

Materiał kopalny, w szczególności obraz zmian astogenezy w liniach filogene- 
tycznych dokładniej poznanych, potwierdza w zupełności te założenia teoretyczne. 
W konkretnych liniach rozwojowych, kolejno po sobie następujące formy różnią 
się stopniem penetracji i ekspresywności określonych cech. Gdy nowe cechy poja- 
wiają się u przodków początkowo tylko w części dystalnej, obejmując dopiero 
następnie część proksymalną, należy przyjąć, że modyfikatory warunkują wytwa- 
rzanie przez sikulozoida substancji morfogenetycznej, zachowującej się w stosunku 
do tych cech hamująco. W filogenezie, w wyniku kolejnych mutacji, wzrastałaby 
aktywność genów lub malałaby aktywność inhibitora. Gdy, przeciwnie, nowa 
cecha pojawia się u przodków początkowo tylko u tek w części proksymalnej, aby 
następnie dopiero objąć także teki dystalnej części rabdozomu, należy przyjąć, że 
modyfikator i zarazem substancja produkowana przez sikulozoida zachowuje się 
jak stymulator danych cech. W ewolucji takich form wzrastałaby aktywność genów 
odpowiedzialnych za powstanie odpowiednich cech, lub wzrastałaby aktywność sty- 
mulatora. 

Analiza zmian ewolucyjnych w konkretnych liniach filogenetycznych wyka- 
zuje, że przejawiają się one w określonym zespole cech i utrzymują określony kie- 
runek zmian. Zachowują się one przeto podobnie jak 1) czynniki kumulatywne 
(modyfikatory), lub też jako 2) allelomorfy wielokrotne, tj. mutacje jednego genu 


(locus), tworzące serie z różnym efektem fenotypowego przejawiania się i różną 
aktywnością alleli, 
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Ogólny mechanizm genetyczny zmian kolonii graptolitów sprowadzałby się 
zatem do występowania mutacji początkowo słabo przejawiających się fenotypowo, 
a następnie dopiero zwiększających swą penetrację i ekspresywność. Obraz ten 
skłania do przyjęcia wniosku, że w wielu szczepach graptolitów ewolucja doko- 
nywała się przez mikromutacje o stopniowe zwiększającym się w szeregu potomków 
efekcie fenotypowym. 

Regularną zmianę postaci kolejnych osobników kolonii, która zdawała się sta- 
nowić cechę swoistą graptolitów, można w świetle naszych rozważań zrozumieć 
jako przejaw bardziej ogólnych prawidłowości biologicznych. Stanowi ona przy - 
puszczalnie wyraz odpowiednich gradientów morfofizjologicznych. 

Tak jak przyczyny zmian filogenetycznych organizmów osobniczych zdają się 
polegać na modyfikacjach ich ontogenezy, tak ewolucja graptolitów jako organiz- 
mów kolonijnych zachodziła na drodze modyfikacji astogenezy, tj. przez zmiany 
sposobu rozwoju kolonii, wyrażające się zmianami poszczególnych osobników. 
W ostatecznym ujęciu, przyczyny tych modyfikacji dają się sprowadzić do zmian 
penetracji i ekspresywności czynników genetycznych, przejawiających się w ko- 
loniach, stanowiących jednostki podlegające wspólnej kontroli genetycznej. 

Z naszych rozważań wynika, że w wielu liniach ewolucyjnych graptolitów, 
z form pierwotnie uniformicznych powstają formy cechujące się różnym stopniem 
biformizmu, a z nich — formy wtórne uniformiczne. W związku z tym, specjalnego 
rozważenia wymagają rodzaje, grupujące gatunki cechujące się silnym bifor- 
mizmem — Demirastrites Eisel i Pernerograptus Pribyl. Proponuje się raczej 
utrzymać te rodzaje jako reprezentujące określone stadium morfologiczne, poprzez 
które przechodziła ewolucja wielu linii filogenetycznych, lecz nie wydzielać tych 
rodzajów w odrębne podrodziny (jak to proponował Pribyl, 1946). Biformiczne 
rodzaje mniej się różnią od swych wtórnie uniformicznych potomków (Pernero- 
graptus Pribyl od Monograptus Geinitz, Demirastrites Eisel od Rastrites Barrande), 
niż od swych pierwotnie uniformicznych przodków. W pierwszym przypadku róż- 
nice są raczej ilościowej natury (stopień penetracji i ekspresywności danych cech), 


w drugim zaś — bardziej jakościowej (obecność lub zupełny brak danych cech). 
Odpowiednio do tego proponuje się zaliczenie Pernerograptus Piibyl do podrodziny 
Monograptinae, zaś Demirastrites Eisel — do podrodziny Rastritinae. 


Do tekstu dodano opis nowych gatunków graptolitów: Lobograptus simplex 
n.sp. L. exspectatus n.sp., Cucullograptus hemiaversus n.sp. oraz Cucullograptus 


aversus rostratus n. subsp. 


OBJAŚNIENIA DO ILUSTRACJI 


Fig. 1 (p. 135) 

Przykłady sukcesji astogenetycznej tek u różnych Monograptidae: A Mono- 
"raptus argenteus (Nicholson), B M.fimbriatus (Nicholson), €C Mriraitzhainiensis 
'Eisel), D M. triangulatus (Harkness), E M.communis (Lapworth). Zarysy rabdozomu 
42, pojedyncze teki X 10; budowa fuzellarna uproszczona (według Bulmana, 1951, 
-958). 
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Fig. 2 (p. 136) 

Przykłady sukcesji astogenetycznej tek u różnych Monograptidae, oparte na 
okazach izolowanych ze skał: A Cucullograptus hemiaversus N.Sp., B Saetograptus 
chimaera (Barr.), € Colonograptus colonus (Barr.), D Monograptus priodon (Bronn), 
E Muncinatus Tullb., F Pristiograptus dubius (Suess). W przypadku gdy nie są 
znane dłuższe fragmenty, przedstawiono kolejno proksymalne, medialne i dystalne 
teki. Różne głazy narzutowe. A ca X 20, B-F ca X 10. 


Fig. 3 (p. 138) / 
Linia ewólucyjna Monograptidae reprezentująca „progressive series” w ujęciu 
Elles. Widoczny rozwój i stopniowe rozprzestrzenianie się tek typu "hooked” 
(1-8); a części proksymalne, b części dystalne (według Elles, 1922). 


Fig. 4 (p. 139) 
Przykład ewolucji Monograptidae, od form o tekach "hooked” (A) do form 
o tekach typu pristiograptusowego (OC), reprezentujących "retrogressive series” 
w ujęciu Elles (według Elles, 1922). 


. Fig. 5 (p. 141) 

Schemat ilustrujący rozprzestrzenianie się i zanik tek typu „hooked” w serii 
„progresywnej” i „retrogresywnej”, według koncepcji „potencjalnej hypermorfozy” 
Westolla. Postać apertury „hooked” związana jest z odpowiednim stadium wzrosto- 
wym teki, jakie osiągać mogą u pewnych gatunków tylko niektóre z nich, u in- 
nych zaś wszystkie (według Westolla, 1950). 


Fig. 6 (p. 143) 
Budowa fuzellarna tek u Cucullograptus hemiaversus n.sp. A1-A2 teka proksy- 
malna widziana od strony prawej i lewej, B1-B» teka dystalna widziana od strony 
prawej i lewej (głaz S. 200, Rewal); ca X 75. 


, Fig. 7 (p. 146) 

Porównanie homologicznych odcinków teki Graptoloidea. Metateka graptolitów 
pozbawionych przydatków aperturalnych (A) reprezentuje tylko segment subaper- 
turalny; metateka graptolitów opatrzonych takimi przydatkami (B) składa się 
z segmentu subaperturalnego i aperturalnego. 


Fig. 8 (p. 153) 

Porównanie terminalnych, rosnących części kolonii: A u Rhabdopleura (według 
Lankestera, w Grassć, 1948, i Bulmana, 1955; kombinowane), B u Lobograptus 
scanicus parascanicus (Kiihne), częściowo rekonstruowane z dwu wzajemnie uzu- 
pełniających się fragmentów (głaz S. 137 i 181); st stolon, tz zooid terminalny, 
n-n+7 kolejne zooidy. 


Fig. 9 (p. 153) 

Wpływ zmian allometrycznych kształtu tek na postać rabdozomu u Petalo- 
graptinae: A Petalograptus folium (His.), strona „reverse*; B Cephalograptus 
cometa (Geinitz), strona „reverse”. Oba okazy sprowadzone do tych samych wy- 
miarów długościowych th 1" (oparte na fig. 63, 6b, 7b u Bulmana, 1955). " 


Fig. 10 (p. 159) 

Schemat budowy złożonej kolonii Cyrtograptus. Teki pączkujące w przybliżeniu 
jednocześnie połączono liniami przerywanymi (4); B-D schematyczne przedstawienie 
postaci tek w proksymalnej, medialnej i dystalnej części gałęzi głównej; S sikula, 
I” gałązki boczne (cladia) I rzędu, II” gałązki boczne II rzędu; strzałka pokazuje 
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miejsce, w którym zachodzi skręcenie gałązki głównej (według Bulmana, 1958; 
objaśnienia uzupełniono). A 


ian iu ($o, „WAD 
Schemat ilustrujący: A-C rozprzestrzenianie się nowego typu tek od części 
proksymalnej rabdozomu i interpretację teoretyczną tego zjawiska, 'D-F rozprze- 
strzenianie się nowego typu tek od części dystalnej rabdozomu i interpretację teo- 
retyczną tego zjawiska; oś X-ów — długość rabdozomu, oś Y-ów — aktywność 
substancji morfogenetycznej. Objaśnienia szczegółowe — w tekście. zć 


Fig. 12 (p. 174) Ą A 
Schemat ewolucji jednej z grup „triangulate monograptids” z dolnej części 
poziomu P.gregarius (d.llandovery, Rheidol Gorge), opracowanych przez Sudbury. 
Należy zwrócić uwagę na modyfikację tek w linii prowadzącej od M.triangulatus 
separatus do Rastrites longispinus. A-S kolejne warstwy profilu (według Sudbury, 
nazwy gatunkowe zaktualizowano). +" 
IB, JIĘ) (19 JO) 0 2008 ; 

Schemat ilustrujący przypuszczalne stosunki rodowe i typy sukcesji astogene- 
tycznej u Cucullograptinae. Uwzględniono kolejno sikulę i pierwszą tekę,: teki 
proksymalne i dystalne każdego gatunku. Oparte. na materiałach autora, jeśli nie 
wskazano inaczej. A Lobograptus simplex n.sp., B L.exspectatus n.Sp., C L.sca- 
nicus parascanicus (Kiihne), D L.scanicus scanicus (Tullberg), sikula według Wal- 
ker, 1953; E Cucullograptus hemiaversus n.sp., F C.aversus aversus (Eisenack), 
według Eisenacka, 1942; G C. aversus rostratus n. subsp. H C. pazdroż Urbanek. 
Nad F i G podano pojedyncze powiększone teki dla wykazania różnic w budowie 


aparatu aperturalnego. : 1. - DE 3 


Fig. 14 (p. 179) 

Porównanie części aperturalnych tek, pochodzących w przybliżeniu z tych 
samych części rabdozomu: A Lobograptus simplex n.sp. B L.exspectatus. n.sp., 
C Cucullograptus hemiaversus n.sp., D Caversus rostratus n.subsp.; 1 «od. strony 
prawej, 2 od strony lewej. Widoczny wzrost stopnia nasunięcia i podwinięcia płata 
lewego oraz rudymentacja płata prawego (ARCE SD)PI CAP ZŚ CO: 


Fig. 15 (p. 185) 


Interpretacja zjawiska przykracania się septum medialnego w linii ewolucyjnej 
Glyptograpius aff. persculptus (Salter), (według Davies, 1929). Na osi Y-ów. — 
przypuszczalna aktywność czynnika genetycznego, kontrolującego ilość tek alternu- 
jących u 6-ciu kolejnych mutacji tego gatunku (1-6); na osi X-ów — kolejne teki 
wraz z zaznaczonym początkiem septum medialnego, właściwym dla poszczegól- 
nych mutacji. Septum zaczyna się w tym miejscu rabdozomu, w którym ilość 
substancji morfogenetycznej spada poniżej poziomu progowego (linia równoległa do 
osi X-ów). Inne objaśnienia — w tekście. 


Fig. 16 (p. 186) 


Interpretacja zjawiska przykracania się septum medialnego w linii ewolucyjnej 
Climacograptus scalaris var. normalis Lapw. (według Waerna, 1948). Na osi Y-ów — 
przypuszczalna aktywność czynnika genetycznego, warunkującego ilość tek alternu- 
jących u CL. scalaris mormalis (1-2), kolejnych mutacji CI. scalaris transgrediens 
(a-5), CI. mędius (3-4), na osi X-ów — kolejne .teki z zaznaczonym początkiem 
septum medialnego, właściwym dla poszczególnych mutacji W prawym górnym 
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rogu odpowiednie mutacje i ich występowanie stratygraficzne w rdzeniu. Inne 
objaśnienia — jak fig. 15, i w tekście. 


Fig. 17 (p. 188) : 

Seria wyrostków aperturalnych w grupie Saetograptinae, reprezentująca ko- 
lejne stadia redukcji perydermy wyrostka: a-b Colonograptus cf. colonus (Barr.), 
c postać morfologicznie przejściowa między Colonograptus i Saetograptus (transient), 
d-e Saetograptus chimaera chimaera (Barr.), (w pojęciu Urbanka, 1958), f S.chimaera 
cervicornis Urbanek, g-h S.chimaera cf. cervicornis Urbanek, i-j S.chimaera cf. 
salweyi (Hopk.) Granica między wyrostkiem i jego podstawą zaznaczona linią 
zgrubiałą; granice fuzellusów źle widoczne lub konwencjonalne zaznaczono liniami 
przerywanymi. Wszystkie wyrostki reprezentują th 1 młodych rabdozomów (głazy 
S. 19, S. 36, S. 38, S. 5% Ś. 149, S. 201); ca X 50. 


Fig. 18 (p. 192) 

Postacie meedalne skrzydełek i przezmianek (halteres) we wszystkich możli- 
wych kombinacjach allelomorfów serii „vestigial” u Drosophila, jako przykład 
morfologicznego obrażu ialleli wielokrotnych; nw no wing, vg vestigal, no notched, 
ni nicked, +vg* wild type. Poniżej procenty penetracji i wartości określające 
względną póteńcję (aktywność) danej kombinacji genów (według Mohra, 1932). 


Fig. 19 (p. 212) 


Bidowa tek u Lobograptus simplex n.sp. A budowa fuzellarna teki dystalnej: 
1 z prawej strony, 2 z lewej strony; B część aperturalna teki dystalnej, od strony 
wentralnej; C część aperturalna teki dystalnej, od strony dorsalnej; D część aper- 
turalna teki dystalnej, od góry (głaz S. 219, Lubin), ca X 70. 


Fig. 20 (p. 213) 


Budowa fuzellarna płata aperturalnego u Lobograptus simplex n.sp., na przy- 
kładzie odpreparowanego i odbarwionego płata prawego: A z boku, B od góry 
(głaz S. 219, Lubin); ca X 105. 


Fig. 21 (p. 217) 
Zmienność astogenetyczna tek u Cucullograptus aversus rostratus n.subsp. 
A pierwsza teka, B teka medialna, C teka bardziej dystalna, wszystkie widziane od 


strony lewej: m dodatkowa błona na ściance wentralnej (wiercenie Mielnik n. Bu- 
giem, głęb. 925 m), ca X 70. 


EIT 


Lobograptus simplex n.sp., fragment medialnej części rabdozomu: la od strony 
prawej, 1b od strony lewej, 1c wentralnie (głaz S. 219); ca X 15. 


IL, Jói 


Fig. 1. Lobograptus exspectatus n.sp., fragment medialnej części rabdozomu: 
a od strony prawej, b od strony lewej (głaz S. 218); ca X 15. 


Fig. 2. Cucullograptus hemiaversus n.sp., fragment części dystalnej rabdozomu: 
a od strony prawcj, b od strony lewej (głaz S. 200); ca X 15, 
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Fig. 3. Lobograptus exspectatus n.sp., budowa fezellarna płata aperturalnego, 
oparta na wypreparowanym i odbarwionym płacie prawym, widzianym a z boku, 
b z góry (głaz S. 218); ca X 95. 


Fig. 4. Lobograptus exspectatus n.sp., rekonstrukcja wyglądu płata aperturalnego 
w postaci rozpostartej w jednej płaszczyźnie. Oparte na fig. 3 a-b; ca X 95. 


PL. III 


Fig. 1-5. Cucullograptus aversus rostratus n.subsp., teki i aparaty aperturalne od 
bardziej proksymalnych do bardziej dystalnych, widziane a od strony prawej, 
b od strony lewej (1-2 głaz S. 121, 3-5 głaz S. 205); ca X 40. 


Fig. 6. Cucullograptus aversus atersus (Eisenack), reprodukcja fragmentu 
według Eisenacka (1942, pl. 2, fig. 1), teka dystalna; ca X 40. 


AĄAM YPBAH9K 


IIOIIBITKA BMOJJOTMUAECKOM MHTEPIIPETANMM SBOJIOHNMOHHBIX 
MU3MEHEHMM B KOJJOHMAX TPAIITOJMATOB 


Pesatome 


OcHOBBIBAACb Ha HOBEŃLIMX MCCJIEĄOBAHMAX TPAINTOJJATOB M HAHHBIX (PUBHOJOTUII, 
MeXaHUKM pPa3BEMTMA MU TEHETAKM, AETOP HpeX4CTABUJ1 HOByto paóouyłro runore3y, 
OOBACHAKOLIYKO MOPÓDOJOTU4ECKYP OpPraHU3ALNMK KOJIOHUA PPANTOJUTOB MU BO3MOZJK- 
HEIe MEeXAHUM3MbI TEHeTUHUECKAX MU3MEHEHMŃ, KAKVUM IOJLĘBEPrAJIHCE 93TM KOJOHNM 
E IIponqecce 3BOJIFOHNMU. 

Y MHorux Graptoloidea Treku HpoABJIAIOT BĄOJIŁ paO4OCOMBI MIpaBMJIBHyto MOpcho- 
JIOTUAECKYK IOCJIEĄOBATEJJLGHOCTE. IIDOABJIAGTCA OHA B HOCTEIEHHBIX BUĄOMSMEfHE- 
HMAX CTPOeHMA TEK, KOTOpbie MOTYT COCTOATŁ B OTCYTCTBAM MJIU IDMUCYTCTBHHM 
COOTBETCTBYIOLIETO CETMEHTA TEKM, DABHO KaK Ha pa3JMUHHBIX BUĄOHM3MEHEHNSX 
CTPOeHNA 3TOTO 2KEe CETMEHTa Tek. XapakTep 9TMX ACTOTEHETUHECKAX BUJĄOM3MEHC- 
Hnii ĄOMyCKAET IHpEANOJOZKCHKE, HUTO OHM — COTJIACHO € UZBECTHOŃ Teopueń HanuIbNa 
(Child, 1915, 1941) — aABJAIOTCA IIpOABJIEHMEM COOTRETCTBEHHbIX Mopcpocpu3MOJIo- 
TAMH4eCKAX TDPANMEHTOE. COOTEETCTBEHHO 3TOMY, KOJIOHUA TPAHTOJMTOB HpoABJIAET 
HeKOTOpyło NOJIADHOCTŁ CBOEŃ OpraHu3a1uu. OHpe4eJlAJIaCH OHA IHOBANAMOMY CIIO- 
cCO60M BbIpaGaTbIBAHMA M DpACIIDOCTDPAHEHMA MU3BECTHbIX MOpboTeHeTU1ecKMX Cyó- 
CTaHqnui, OHpeĄEeJAILIAX CTPOEHME IOCJIEJOBATEJJbBHbIX 3O0MĄ0E, DTU CyOCTAHNNMA, 
BbipaGaTbIBAeMble BEPOATHO CHUKYJIOZ3OMĄOM, pACIpocTpaHAJIACE Óbl EĄOJIL paó4o0- 


COMBI, IIPOABJIAA OHPELEJEHHBIA TPANUEHT. CMUKYJIO30MNĄ COCTABJIAJ TYT BEpOATHO 
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LUeHTp, PU3KOJOTMUECKUM J|OMMHUPYyIOINUAi HAR OCTAJBHBIMA OCOÓAMM KOJIOHMM. Owa 
rMIoTe3a  IpUMeHUMa  PABHO KAK  J|IJIA  OJNHOOCEeBbIX, TAK M  MHOTOOCEBbIX 
(Cyrtograptus) KoJioHnń TPparToJuTOE. TIaBHad BeTBb M HOCJIEĄOBATEJIbBHbBIE OOKOBŁIE 
BeTBu y Cyrtograptus cneqyer cuuTaTb KaK Dpa3HOTO IOPAĄKA AOMUHNUPYFOLNNE 
LHeHTPBI, KOHTPOJMUPYIINUAE IOCJIEĄOBATEJIBbHbIA TEMI IOHUKOBAHUA M OOYCJIOBJIUBAIO- 
ique MOpQoJOTUYECKYIO IOCJIETOBATEJIbHOCTb B TEKAX ÓOKOBBIX OTBETBJIEHNA. 

Kak ycTaHOBJieHo B paqy cbujioreHeTruieckux JIMHui Graptoloidea, 3BOJIONHA 
COCTOMT B IOCJIENOBATEJIbEHOM pPACHpocTpaHeHuu BĄOJIb PAOÓĄOCOMbI HOBOTO TUIIAa TEK, 
KOTODBIA IIePBOHAUAJILHO HPOABJIAETCA TOJIbKO B IPOKCUMAJIBHOŃ JIMÓO0 XUCTAJIBHOM 
dacTu. TaK KAK KOJIOHMA TPAHTOJMTOB COCTABJIACT HeKOTOPOTO pOĄAa KJIOH, IIO3STOMYy 
acToTeHeTuiecKue pa3JIMAMA MEJKIY OCOÓAMU KOJIOHUM ABJAJMCH EĄUHCTBEHO IHIpPO- 
ABJIEHMEM PA3HOTO (QeHOTUNAHECKOTO BBIDAZREHUA TOTO >KE CAMOTO TeHOMa. OBOJIN0- 
HUA TpANTolUTOB OCHOBbBIBAJJĄCb ÓbI Ha AaCTOTEHETUHUECKHX MOJUPUKAĄMAX, KOTO- 
pble B OTHOLIEHUM TeHeTUHECKOM COCTAaBJAJM Obl UuBMEHeHMA CTEIIEHU IIEHETPAHT- 
HOCTM UJIM IpPOLIEHTA IIDOABJIEHKA, M CTEIEHU BbIDAZKEHMA MJIM SKCIPECCMBHOCTA 
reHeTuieckuX (CbaKTOPOB B nmpełeJlax KOJIOHUM. M3MeHeHMA 3TU BbIZBAHbI ÓBIIA 
NOBMJJUMOMY MyTannueń TeHOB, KOHTDPOJIPYIIIWX BOSHUKHOBEHKE OIDPEĄEJEHHbTX 
NpU3HaKOB TeKM NJIM U3MEHAIOLIMX KOJIMIECTBO BbIpAÓATBIBAEMBIX CUKYJIOO3OMĄ0M 
MopcboreHernieckux cyócraanuń. DTM NOCIeNHME B TEHETUHECKOM OTHOLIEHMWU 


BJIMAIOT CTUMyJupytolie Jróo chepxxuBarolie Ha (WeHOTUIMIECKOE HDOAEJEHIIE 


OINPEĄEJIEHHbIX TEHeTUdeCKUX (paKTODPOB, T. e. Beqyr ceóa KaK 3aBUCALĄNME OT OFIPE-. 


Ą4EJIEHHBIX TEHOB-MOJ1U(PUKATOPOB. Kora y Hpe4ĄKOB HOBBbIe IIDHU3HAKM NOABJIAIOTCA 
NEpBOHAMAJIbHO JIMIHB B ĄUCTAJIBHOŃ HUACTM, TOJIBKO IIOTOM OGHUMAA M HIPOKCUMAJIAO- 
HyIO HACTP, CJIENYET NHpUHATb, UTO MOJNUCPUKATOPBI OGyYCJIOBJIUBAFOT BbIpAGATBIBAHIIE 
CMKJJIO3OMĄOM MopporeHerndeckoń cy6craHnnu, Berylqiei ce0a B OTHOLIEHUU 
cpeHOTUNuUECKOTO HPOABJIEHMA 3TUX UpH3HAaKOB KAK UHTUGuTop. B (CbuJOreHe3Mce, 
R pe3yJIbTraTe NOCJEJOBATEJIbEHbIX MyTanquń, BospacTaJla ÓbI aKTUBHOCTB TeHOB, Or- 
BETCTBCHHBIX 3a BOSHUKHOBeHHe ONpeĄEJEHHOTO HPU3HAKA, JIMÓO YyMEeHBLIAJIACb ÓbI 
AKTUBHOCTbŁ MUHTUOnTOpa. Korąa Xe HOBbIi HNpH3HAK HOABNAETCA Y Hpe4ĄKOB B Ha- 
HAJE TOJIBKO B IpOKCUMAJIBHOŃ HACTM, CJIENYET NPMUHATĄ, UTO MONUCPHKATOPBJI, 
a BMECTe C€ TeM M CYyGCTAHNMA, BbIpaGaTBIBAEMAA CMKYJIO3OMJIOM, Beer ced Kak 
CTHMYJIATOP (QeHOTUNUUECKOTO IIDOABJIEHMA ATAHHBIX HPU3HaKOB. B 9BOJIONUM TAKAX 
cbopM BospacTraja Óbl AaKTUBHOCTŁ TEHOB, OIIpEZIEJAIOINMX NAHHBIA IHIPU3HAK, MIA 
Eo3pacTaJla ÓbI AaKTUBHOCTŁ CTUMyJATOpa. AHannu3 23BOJIIOUMOHHbBIX M3MEHEeH:i 
B KOHKDpeTHbIX (DMIOTEHeTUUECKAX JIHHUAX YKA3BIBAET, UTO OHM  IHpOABJIAIOTCA 
B Oupe4€JeHHOA COBOKYNHOCTU HPU3HAKOB MU COXpaHAIoT onpeqeJleHH0Oe HanpaBJle- 
une. Benyr oHu ce6d IosToMy KaK 1) KYMYJATUBHbIe CbaKTODPBI (MO4MCcpuKaTOpb!), 
UJIM 2K© KaK 2) MHOKXECTBEHHble AJIEJJTOMOP)BI, oópa3yroriue cepnun AaJJIeJJOMOPcpoB 


© PA3JIMAHbIM SdbcpekToM cpeHoTUNMIecKOTo HUpoABNEHMA Mu pa3JIMAHOi Mopcborere- 
TMUECKOŃ AKTUBHOCTBIO. 


O6mumi reHeruueckuń MeXAHM3M U3MEHEHNIA KOJIOHMU TPANTOJATOB COCTOAJ ÓBI, 


CIEROBATEJJBHO, B NpoABIeHuu MyTaNnuiAń, IepBOHA4aNbHO CNA60 HIpOABJIAPOINUXCA 
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QpeHOTUIMYECKM, M TOJBKO NOCJIEJOBATeJIBHO YyBEJIMHUBAIOINMX CBOIO IIeHeTPAHT- 
.HOCTb M S3KCIIpeCCHBHOCTB. 

B paóoTre oOcyzkĄaIoTcA TAKzKe TAKCOHOMMUECKNUE NOCJIEĄCTBMA HOBOTO BO33DpeHMA 
na OpraHu3a1quIo KOJOHUM TPANTOJMTOB, Ha BEPpOATHbIE TEeHeTUUECKHE MEXAHU3MBI 
UX SBOJNOLMOHHBIX M3MEHeHMi M N1OOABJIEHbI ONUCAHMA HOBBIX BUJOB TPANTOJUTOB: 
Lobograptus simplex n. sp. L. exspectatus n. sp:., Cucullograptus hemiaversus 


n. sp. nu C. aversus rostratus n. subsp., BOCIOMMHAEMbIX B TEKCTE. 


9 


EXPLANATIONS OF PLATES 


PIĘT 


Lobograptus simplea n.sp. 


Fragment of the medial part of rhabdosome: la right side view, 1b left side view, 


Fig. 


Fig. 


Fig. 


Fig. 


Fig. 


Fig. 


1c ventral view (boulder S. 219); approx. X 15. 


Ji, 16! 


1. Lobograptus expectatus n.sp., fragment of medial part of rhabdosome: 
a right side view, b left side view (boulder S. 218); approx. X 15. 

2. Cucullograptus hemiaversus n.sp., fragment of distal part of rhabdosome: 
a right side view, b left side view (boulder S. 200), approx. X 15. 

3. Lobograptus exspectatus n.sp., fusellar structure of apertural lobe, based 
on isolated and transparent right lobe: a lateral view, b top view (boulder 
S. 218); approx. X 95. 

4. Lobograptus exspectatus n.sp., reconstruction of apertural lobe spreading 
on a plain; based on fig. 3 a, b; approx. X 95. 


PRZEM 


1-5, Cucullograptus aversus rostratus n.subsp., thecae and apertural apparatus 
in more proximal and more distal thecae: a right side view, b left side 
view (1-2 boulder S. 121, 3-5 boulder S. 205); approx. X 40. 


6. Cucullograptus aversus aversus (Eisenack), (reproduction of a fragment 
from Eisenack, 1942, pl. 2, fig. 1), distal thecae; approx. X 40. 
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IRENA BRODNIEWICZ 


EEMSKIE MIĘCZAKI MORSKIE Z WIERCENIA W BRACHLEWIE 


Streszczenie. — Opisano faunę mięczaków morskich z margli eemskich z wiercenia 


"w Brachlewie pod Kwidzyniem. Zawiera ona 30 gatunków ślimaków i małżów, 


w tym 15 gatunków nowych dla plejstocenu Polski. Uwzględniono zagadnienia 
ogólne, dotyczące warunków egzystencji badanych mięczaków, jak paleogeografię, 
stosunki biocenotyczne, zasolenie i warunki batymetryczne. Poza tym porównano 
faunę eemską z Brachlewą z fauną tegoż wieku Holandii W części systematycznej 
podano opisy gatunków, uwzględniając w miarę możności zmienność osobniczą. 


WSTĘP 


Mięczaki eemskie opisane w tej pracy pochodzą z wiercenia w Bra- 
chlewie pod Kwidzyniem, przeprowadzonego przez Instytut Geologiczny 
w Warszawie. W rdzeniu wiertniczym na głębokości 50,4 m znajdowała 
się warstwa miąższości 2,3 m z marglami morskimi, zawierająca przed- 
stawicieli różnych grup zwierząt. Wśród nich najliczniejsze były mię- 
czaki. 

Małże i ślimaki należą do bardzo czułych wskaźników środowiska; 
one teź pozwoliły ustalić wiek tych margli i zaliczyć je do osadów inter- 
glacjału eemskiego. 

Fauna eemska ma wielkie znaczenie dla badania zagadnień czwarto- 
rzędowych i często była opracowywana przez geologów Holandii, Danii, 
Niemiec i Polski. Dotychczasowa literatura dotycząca terenów Polski ma 
charakter wyłącznie stratygraficzny. W niniejszej pracy opisałam mię- 
czaki eemskie, kładąc główny nacisk na zagadnienia paleontologiczne. 

Pracę wykonałam w Pracowni Paleozoologii PAN w Poznaniu pod 
kierunkiem Prof. M. Różkowskiej, której wyrażam najserdeczniejsze po- 
dziękowanie za liczne cenne, krytyczne uwagi i dyskusje. Profesorowi 
R. Kozłowskiemu wdzięczna jestem za ogólne kierownictwo naukowe 
7 czasie wykonywania pracy. 

Składam również serdeczne podziękowanie Prof. B. Halickiemu za 
wprowadzenie w zagadnienia czwartorzędu, Prof. J. Urbańskiemu za 
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liczne konsultacje, wypożyczenie. literatury malakologicznej i okazów 
współczesnych dla celów porównawczych, oraz Prof. St. Feliksiakowi za 
wskazanie i wypożyczenie literatury. Dziękuję też Muzeum Zoologicz- 
nemu w Warszawie za umożliwienie mi korzystania ze zbiorów mięcza- 
ków, zaś p. Cz. Bojanowskiej ża wykonanie rysunków. 

Wyrażam głęboką wdzięczność Dr van der Heide z Geologische Dienst 
w Haarlem za przesłany cenny zbiór mięczaków eemskich, za oznaczenie 
młodych i uszkodzonych okazów Gastrana fragilis L., jak również za 
sprawdzenie niektórych moich oznaczeń i za literaturę, Dr A. Brun 
i Dr J. Knudsen z Muzeum Zoologicznego Uniwersytetu w Kopen- 
hadze — za udostępnienie mi zbiorów oraz za otrzymane okazy nie- 
których współczesnych mięczaków, Dr. H. Lemche z tegoż Muzeum -3 
za oznaczenie młodych okazów Diaphana minuta Brown, Dr W.S.S 
van der Feen i Dr C.O. Regteren Altena z Muzeum Zoologicznego 
w Amsterdamie — za nadesłanie bogatej literatury malakologicznej, 
oraz Prof. H. Brattstróm i Dr J. Kjennerud z Muzeum Zoologicznego 
Uniwersytetu w Bergen — za przysłane mięczaki współczesne dla celów 
porównawczych. 


FAUNA EEMSKA W POLSCE 


Pierwszą wzmiankę o występowaniu fauny eemskiej w Polsce spoty- 
kamy u Roemera (1864). Od tego czasu liczni badacze zwracają uwagę 
na występowanie morskiej fauny w utworach plejstoceńskich. Opisywane 
przez nich gatunki były znajdowane in situ lub na złożach wtórnych. 
Kotański (1956) podaje przegląd literatury dotyczącej tego zagadnienia. 

Na tabeli 1 podano m. in. 22 gatunki mięczaków eemskich, które 
dotychczas zostały wymienione w literaturze (Berendt, 1866, 1868; 
Jentzsch, 1888, 1895; Sonntag, 1922; Maas, 1904; Gadomska, 1936; Samso- 
nowicz, 1951). 

Materiał z Brachlewa zawiera 30 gatunków małżów i ślimaków, w tym 
16 opisanych już poprzednio z osadów eemskich w rejonie dolnej Wisły 
i 14 gatunków nowych dla plejstocenu Polski. 

Na podstawie dotychczasowych badań fauny eemskiej Polski poznano 
łącznie 36 gatunków mięczaków. Dokładny ich wykaz przedstawia 
tabela 1. 


OPIS PROFILU 
W profilu wiercenia, wykonanego w Brachlewie (fig. 1) na głębokośćji 


50,4 m, występują margle morskie miąższości 2,3 m z bogatą mikro- 
i makrofauną (Nowak $ Brodniewicz, 1960; w druku). Do bardzo licznie 


EEMSKIE MIĘCZAKI MORSKIE 


Wabelkami 


Mięczaki eemskie z terenów Polski 


Eemian molluscs jrom Poland 
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Opisany — Described zk 


38 Gatunek — Species uprzednio W tej pracy 
previously im the present 
paper 
1 Lacuna vincta (Mont.) -- 
2 Litiorina littorea (L.) af - 
3 Hydrobia stagnalis (Bast.) lk. 
4 H. ulvae (Penn.) ze -E 
5 Rissoa membranacea (Adams) <L 
6 R. inierrupta (Adams) bifasciata Sars e 
7 R. inconspicua Alder -- 
8 Bittium reticulatum (Da Costa) + + 
9 Clathrus clathrus (L.) se. | 
10 Chrysalida spiralis (Mont.) E 
11 Odostomia pallida (Mont.) se 
12 O. unidentata (Mont.) ZE 
13 Eulimella nitidissima (Mont.) + | 
14 Nassarius reticulatus (L.) HE Zie 
15 Diaphana minuta (Brown) śe 
16 Brachyodontes lineatus (Gmel.) -- - 
1-7 Mytilus edulis L. JE 
18 Ostrea edulis L. SIE AĘ 
19 Cyprina islandica (L.) -L 
20 Mysella bidentata (Mont.) JE 
21 Cardium edule L. SIE A 
22 C. echinatum L. aa 
23 C. paucicostatum Sow. -- A 
24 C. exiguum Gmel. alt: 
25 Venus pallustra Mont. i 
26 V. virginea L. zB 
27 Paphia aurea senescens (Cocc.) AE - 
28 Spisula subtruncata (Da Costa) - E 
29 Mactra solida L. zk 
30 Syndesmya alba Wood AL 
31 Abra ovata (Philippi) si 
32 A. nitida Miller > 
33 Scrobicularia plana (Da Costa) + 4 
34 Gastrana fragilis (L.) dE 
35 Macoma baltica (L.) -- + 
-- Al 


W 
l) 


Alożdis gibba (Olivi) 
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reprezentowanych organizmów w tym zespole należą otwornice. Jest to 
zespół nonionowo-elfidiowy, z dominującym udziałem Rotalia beccarii 
L. Uderza tutaj brak form zlepieńcowatych i planktonicznych. Licznie 
reprezentowane są również małżoraczki. Spotyka się także kolce, płytki 
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Fig. 1. — Mapka rejonu dolnej Wisły. 


szkieletów i płytki madreporowe Asteroidea. Do bardzo rzadko wystę- 
pujących należą fragmenty szczypców Crustacea Decapoda i ułamki 
skorupek Balanus sp. W zespole tym najliczniej występują mięczaki. 
Wyróżniono 30 gatunków morskich ślimaków i małżów. 

Margle morskie podściela warstwa utworów słodkowodnych, w której 
fauna mięczaków jest bardzo uboga. Wyróżniono tutaj następujące 
3 gatunki: Planorbis sp., Bithynia tentaculata L. i Belgrandia marginata 
Michaud (pl. I, fig. 10). 

Obecność Bithynia tentaculata stwierdzono jedynie na podstawie wy- 
stępowania w osadzie ich wieczek (operculum). Innych słodkowodnych 


organizmów zwierzęcych brak, natomiast dużo jest detrytusu roślinnego 
i nasion. 
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MATERIAŁ I STAN JEGO ZACHOWANIA 


Z około 0,7 m* margli morskich wybrano bardzo liczne skorupki 
małżów i ślimaków, które stanowią przedmiot badań niniejszej pracy. 
Zespół ten jest bardzo zróżnicowany i można podzielić go na dwie 
grupy ze względu na stan zachowania i liczebność osobników w różnych 
stadiach rozwojowych. 

Do pierwszej grupy zaliczyć należy gatunki, reprezentowane przez 
wielką ilość (kilkadziesiąt lub kilkaset) egzemplarzy różnego wieku. Dla 
niektórych z nich wyróżniono kolejne stadia rozwojowe, począwszy od 
najmłodszych skorupek do najstarszych. Najczęstsze są skorupki osobni- 
ków w średnim wieku. Przy kilku gatunkach załączono tabelki, obrazu- 

jące korelacje różnych cech oraz ilościowy udział osobników w różnych 
stadiach wzrostu. Są to gatunki następujące: Rissoa inconspicua, Bittium 
reticulatum, Clathrus clathrus, Odostomia pallida, Chrysalida spiralis, 
Eulimella nitidissima i Nassarius reticulatus. 

Do drugiej grupy materiału zaliczyć można gatunki, które mają nielicz- 
nych (kilku lub kilkunastu) przedstawicieli. Dla nich nie można było usta- 
lić szeregów wzrostowych. Należą tutaj: Littorina littorea, Rissoa membra- 
nacea, Odostomia unidentata, Hydrobia ulvae, H. stagnalis, Mysella biden- 
tata, Cardium edule, C. exviguum, C. paucicostatum, Spisula subtruncata, 
Abra ovata, A. nitida, Scrobicularia plana, Macoma baltica, Aloidis gibba, 
Mytilus edulis i Brachyodontes lineatus. 


Stan zachowania mięczaków należących do pierwszej grupy jest na 
ogół dobry; dotyczy to szczególnie ślimaków (tab. 4, rubr. 3 i 4). Można 
przeprowadzić obserwacje powstawania urzeźbienia od najwcześniejszych 
stadiów oraz jego zmiany poprzez cały rozwój skorupki. Chrysalida 
spiralis ma zupełnie niezniszczone delikatne urzeżbienie. Gładkie i po- 
łyskujące delikatne skorupki Eulimella nitidissima nie noszą śladów 
starcia czy porysowania. Bardzo liczne osobniki Bittium reticulatum. 
i Nassarius reticulatus, od najmłodszych do starych form, wykazują tylko 
nieliczne ślady uszkodzenia czy tarcia szczytu lub ujścia skorupki, 
natomiast osobniki Clathrus clathrus prawie zawsze noszą ślady tran- 
sportu. Duże okazy są tutaj połamane, mniejsze mają starty szczyt 
i rzeźbę na początkowych skrętach. Żeberka na dalszych skrętach są 
często uszkodzone. Ostatnie wymienione trzy gatunki zachowują wyraźne 
zabarwienie skorupki. 

Mięczaki należące do drugiej grupy zostały znalezione z uszkodze- 
niami (tab. 4, rubr.5 i 6). Przedstawiciele ślimaków Lacuna vincta, Lit- 
torina littorea, Rissoa membranacea, Odostomia pallida i Diaphana minuta 
reprezentowane są w zbiorze zaledwie przez kilka skorupek. Z małżów 
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pojedyncze okazy stosunkowo mało uszkodzone należą do Mysella biden- 
tata i Spisula subtruncata. Bardzo zniszczone i nieliczne fragmenty na- 
leżą do: Brachyodontes lineatus, Cardium edule, C. paucicostatum, 
C. exiguum, Abra ovata, A. nitida, Gastrana fragilis i Macoma baltica. 
Aloidis gibba reprezentowany jest przez liczne okazy, wśród których są 
skorupki zupełnie nieuszkodzone, jak również bardzo zniszczone, z za- 
chowanymi tylko częściami zawiasowymi. Scrobicularia plana znaleziona 
została w postaci obtoczonych fragmentów, z częściowo obtoczonymi 
zawiasami prawej skorupki. U Mytilus edulis i Ostrea edulis znaleziono 
nieliczne młode, całe skorupki. Z średnich i dorosłych okazów pozo- 
stały tylko ułamki, których charakterystyczne cechy pozwoliły ustalić 
przynależność gatunkową. 


ROZWAŻANIA OGÓLNE 
O WARUNKACH EGZYSTENCJI ZBADANYCH MIĘCZAKOW 


a. Wnioski paleogeograficzne 


W celu uzyskania bliższych danych dotyczących warunków klima- 
tycznych, w których rozwijała się opisywana fauna, należy na wstępie 
wyjaśnić, w jakiej strefie geograficznej obecnie występuje podobny 
zespół mięczaków. Przyjąć przy tym musimy, że wymagania życiowe 
i rozmieszczenie geograficzne gatunków eemskich były zbliżone do wy- 
magań tych samych gatunków dzisiaj. 

Amerykańscy badacze Schenck i Myra Keen (1940), badając mięczaki 
wschodniego Pacyfiku wzdłuż wybrzeży Ameryki Północnej, posługi- 
wali się metodą statystyczną. Stwierdzali oni całkowite zakresy roz- 
mieszczenia poszczególnych gatunków, ustalając krańcowe punkty ich 
zasięgów w szerokościach geograficznych. Następnie wyznaczali średnią 
występowania całego zakresu poszczególnych gatunków i centra te wy- 
korzystywali jako wskaźniki do analizy statystycznej, by otrzymać średnią 
punktów centralnych, która teoretycznie jest szerokością, od jakiej 
gatunki sięgają ku północy i południowi. W ten sam sposób autorzy ci 
wyznaczyli średnią dla zespołu plejstoceńskiego i porównywali zespół 
współcześnie żyjący na tej samej średniej. Przyjmowali oni, że warunki 
egzystencji zespołu plejstoceńskiego były podobne do tych, jakie są 
dzisiaj na tej średniej. 

Posługując się tą metodą wyznaczyłam zasięgi występowania w sze- 
rokościach geograficznych dla badanych mięczaków eemskich, na pod- 
stawie dzisiejszego rozmieszczenia tych gatunków. Na tabeli 2, obok 
spisu gatunków, podano zasięgi w szerokościach geograficznych, w któ- 
rych gatunki te dziś żyją, oraz odpowiednie średnie tych zakresów. Na 
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ma Biela 2 


Zasięg rozmieszczenia geograficznego poszczególnych gatunków 
Geographical distribution range of particular species 


Stopnie szerokości północnej 
North latitude distribution 

gi Gatunek — Species średnia 

zwa > mean lati- 
| tude 
1 Lacuna vincta (Mont.) 35 70 52 
2 Littorina littorea (L.) 35 70 52 
3 Hydrobia stagnalis (Bast.) 35 70 52 
4 H. ulvae (Penn.) 32 72 52 
5 Rissoa membranacea (Adams) 28 68 48 
6 R. interrupta (Adams) 28 58 43 
7 R. inconspicua Alder 28 70 49 
8 Bittium reticulatum (Da Costa) 2587 63 45 
9 Clathrus clathrus (L.) 28 60 44 
10 Chrysalida spiralis (Mont.) 35 "62 48 
gel Odostomia pallida (Mont.) 35 58 46 
12 O. unidentata (Mont.) 35 52 43 
13 Eulimella nitidissima (Mont.) 30 64 49 
14 Nassarius reticulatus (L.) 32 63 47 
15 Brachyodontes lineatus (Gmel.) 35 48 46 
16 Mytilus edulis L. 28 70 49 
17 Ostrea edulis L. 35 66 50 
18 Cardium edule L. 28 70 49 
19 C. paucicostatum Sow. 35 60 47 
20 C. exiguum Gmelin 28 60 44 
zal Mysella bidentata (Mont.) 30 70 50 
22 Spisula subtruncata (Da Costa) 28 70 49 
23 Abra ovata (Philippi) 35 60 47 
24 A. nitida Miiller | 25) 70 52 
25 Scrobicularia plana (Da Costa) 35 62 48 
26 Gastrana fragilis (L.) 35 50 42 
27 Macoma baltica (L.) 32 70 51 
28 Aloidis gibba (Olivi) 28 70 49 


— 


tabeli 3 przedstawiono częstotliwość występowania poszczególnych ga- 
tunków dla odpowiednich średnich geograficznych. Średnia punktów 
centralnych dla całego zespołu przypada na 48? szerokości północnej. Jak 
więc wynika z powyższego, fauna badana odpowiada zespołowi dziś ży- 
jącemu na południowo-zachodnim wybrzeżu Półwyspu Bretońskiego, 
stanowiącego północną część strefy luzytańskiej; wobec tego opisywaną 
faunę możemy uważać za zespół luzytański. 

Potwierdza to również występująca w warstwie leżącej pod marglami 


10 Acta Palaeontologica Polonica — vol. V/2 16 


; 
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morskimi słodkowodna forma Belgrandia margimata Mich., której pół- 
nocną granicę rozmieszczenia wyznacza izoterma lipca 18”, przebiegająca 
w pobliżu 48? szerokości północnej. 


Tabela 3 


Częstotliwość występowania poszczególnych gatunków na średnich geograficznych 
Occurrence frequency of particular species in mean geographical latitudes 


42? 43? 44? 457 46? 47? 487 497 507 53) 520 530 


— jeden gatunek 
one species 

mm średnia punktów centralnych dla całego zespołu 
mean of central points for the whole assemblage 


Spaink (1958) również porównuje mięczaki eemskie z dziś żyjącymi 
w Zatoce Biskajskiej w rejonie Arcachon. Opiera się on na analizie jaką 
przeprowadził Straaten (1956), który badając zespół mięczaków w Zatoce 
Arcachon i porównując go z zespołem mięczaków eemu holenderskiego 
stwierdził ich wzajemne podobieństwo. 


b. Stosunki biocenotyczne 


W celu ustalenia składu gatunkowego ówczesnej biocenozy posłu- 
żono się tutaj metodą tafonomiczną. Na tabeli 4 podano występowanie 
okazów w zależności od stopnia zniszczenia skorupek. W grupie całych, 
niezniszczonych osobników najliczniej reprezentowane są gatunki: Bit- 
tium reticulatum, Chrysalida spiralis, Eulimella nitidissima i Nassarius 
reticulatus. Poza tym, lecz już mniej licznie, występowały okazy Rissoa 
inconspicua i Odostomia pallida. Dla wymienionych gatunków znalezio- 
no też liczne okazy odpowiadające różnym stadiom rozwojowym. Z tego 
wynika, że gatunki te żyły in situ i wchodziły w skład jednej biocenozy. 
Do nich należy jeszcze dodać nieliczne egzemplarze Hydrobia ulvae, 
Clathrus clathrus, Mysella bidentata, Cardium edule, Spisula subtrun- 
cata, Mytilus edulis, Ostrea edulis i Paphia aurea senescens. Trzy ostat- 
nie gatunki były reprezentowane głównie przez muszelki młodych oka- 
zów, pojedyncze egzemplarze starszych i tylko fragmenty połamanych 
i obtoczonych skorup dorosłych małżów. 
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Aloidis gibba jest gatunkiem eurybatycznym i w naszym materiale 
znajdują się całe skorupki osobników żyjących w tej biocenozie oraz 
skorupki bardzo zniszczone, naniesione z sąsiednich biotopów. Podobnie 
jest z Cardium edule; gatunek ten jednak, w odróżnieniu od poprzed- 
niego, reprezentowany jest przez większą liczbę młodych osobników. 

Bardzo zniszczone i pojedyncze skorupki lub tylko ich fragmenty 
noszą wyraźne ślady transportu. Gatunki zaznaczone na tab. 4, rubr. 5 
i 6, zostały niewątpliwie naniesione z sąsiednich biotopów. 


c. Stopień zasolenia 


Wśród. opisanych w niniejszej pracy 30 gatunków, 15 znosi mniejsze 
lub większe wahania koncentracji soli. Na przykład większość z nich 
żyje obecnie w Zatoce Kilońskiej, gdzie zasolenie wynosi około 20-22%0 
(Meyer $z Móbius, 1872; Ankel, 1936). Są to gatunki następujące: Lacu- 
na vincta (Mont.), Rissoa inconspicua Alder, R. membranacea (Adams), 
Hydrobia ulvae (Penn.), H. stagnalis (Bast.), Bittium reticulatum (Da 
Costa), Eulimella nitidissima (Mont.), Nassarius reticulatus (L.), Mytilus 
edulis L., Mysella bidentata (Mont.), Cardium edule L., Serobicularia 
plana (Da Costa), Macoma baltica (L.) i Aloidis gibba (Olivi). Pięć spo- 
śród nich — to formy typowo euryhaliczne, które znoszą wielki spa- 
dek zasolenia: Hydrobia ulvae (Bast.), H. stagnalis (Penn.), Mytilus edu- 
lis L., Cardium edule L. i Macoma baltica (L.). 

Na podstawie danych o lepiej poznanych gatunkach, zaczerpniętych 
z prac Benthem Jutting (1933, 1943), Ankel (1936) i Sorgenfrei (1958), 
wykonano tabelę 5 oraz wyprowadzono pewne wnioski o zasoleniu mo- 
rza, w którym żyła zbadana przeze mnie fauna. Występujące w tym 
zespole gatunki autochtoniczne mogą tutaj posłużyć jako wskaźniki 
stopnia zasolenia. Jak wynika z tej tabeli, Nassarius reticulatus, Bittium 
reticulatum i Rissoa inconspicua nie występują w morzu o niższym za- 
soleniu niż 15—20%v. Należy więc przypuszczać, że jest to dolna granica 
wahań zawartości soli w ówczesnym zbiorniku morskim. 

Gatunki wybitnie euryhaliczne, jak Hydrobia ulvae, Mytilus edulis, 
Cardium edule, C. eriguum i Macoma baltica nie mogą posłużyć tutaj 
za wskaźniki słoności. Również gatunki żyjące w niższym zasoleniu niż 
15%o, jak Rissoa membranacea i Spisula subtruncata, mające zaledwie 
po kilka zniszczonych skorupek, nie pozwalają wyciągnąć wniosku, aby 
środowisko wodne, w którym żył badany zespół mięczaków, miało aż 
tak niską zawartość soli. 

Jednakże za obniżonym zasoleniem zdają się przemawiać rozmiary 
mięczaków. Porównując je z osobnikami występującymi w morzach 
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Tabela 4 
Stan zachowania materiału 
State of preservation of specimens 
Frag- 
Całe Lekko Bardzo menty 
Lp. i skorupki uszko- | znisz- skorupek 
No. Gatunek — Species Complete dzone czone Frag- 
shells Slightly | Strongly mentary 
damaged | damaged ŚRelis 
Si 2 |E3 4 5 6 
1 Lacuna vincta (Mont.) 0 
2 Littorina littorea (L.) 1 juv. 0 juv. 0 juv. 
3 Hydrobia stagnalis (Bast.) 0 
4 H. ulvae (Penn.) 0 0 0 
5 Rissoa membranacea (Adams) 0 0 
6 R. interrupta bifasciata Sars się 0 
7 R. imconspicua Alder <lL zk 
8 Bittium reticulatum (Da Costa) > R 
g Clathrus clathrus (L). 0 0 0 
10 Chrysalida spiralis (Mont.) x + 0 
II Odostomia pallida (Mont.) =F + 
12 O. unidentata (Mont.) 0 juv 0 
13 Eulimella nitidissima (Mont.) X =E 0 
14 Nassarius reticulatus (L.) X z 
15 Diaphana minuta (Brown) 0 juv. 
16 Brachyodontes lineatus (Gmel.) 0 0 
ij Mytilus edulis L. - juv 0 
18 Ostrea edulis L. 0 juv. 0 0 0 
19 Mysella bidentata (Mont.) 0 0 
20 Cardium edule L. 0 0 0 + 
21 C. paucicostatum Sow. 0 
22 C. exiguum Gmel. 0 
23 Paphia aurea senescens (Cocce.) + juv. 0 0 0 
24 Spisula subtruncata (Da Costa) 0 0 
25 Abra ovata (Philippi) 0 RE 
26 A. nitida Miiller 0 je 
27 Scrobicularia plana (Da Costa) 0 
28 Gastrana fragilis (L.) 0 juv. 
29 Macoma baltica (L.) 0 0 
30 Aloidis gibba (Olivi) 3 zk - je 
0 pojedyncze okazy — single specimens 
+ liczne okazy — frequent specimens 
X bardzo liczne okazy — very frequent specimens 


o normalnej słoności stwierdzić trzeba, że fauna z Brachlewa charakte- 
ryzuje się zmniejszeniem rozmiarów i grubości skorupek.Mięczaki z eemu 
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Holandii, które otrzymałam dzięki uprzejmości dra van der Heide, rów- 
nież mają większe rozmiary skorupek i większą ich grubość. 


d. Warunki batymetryczne 


Współcześnie żyjące gatunki, wchodzące również w skład badanego 
tu biotopu, żyją — według Antews (1928), Ankel (1936) i Benthem 
Jutting (1933, 1943) — na głębokościach podanych w tabeli 6. Przez ana- 
logię możemy przypuszczać, że kopalni przedstawiciele tych samych ga- 
tunków żyli w podobnych głębokościach. 

Górną granicę głębokości biotopu określono na około 20 m. Wyzna- 
czają ją nieliczne już okazy Hydrobia ulvae i Cardium edule, których 
dolna granica występowania sięga do 20 m. Gatunki te występują jesz- 
cze w faunie z Brachlewa, lecz nie są tam liczne, bowiem znajdowały 
się już u kresu swego batymetrycznego zasięgu. Poza tym jest to głę- 
bokość, w której żyją już wszystkie gatunki tworzące badaną tu bio- 
cenozę. Może to więc również stanowić uzasadnienie przyjęcia tej głę- 
bokości jako górnej granicy biotopu. Ponieważ biocenozę tworzą w prze- 
ważającej większości masowo występujące mięczaki roślinożerne żyjące 
na łąkach podwodnych, przeto za dolną granicę biotopu można przyjąć 
głębokość, do której schodzą te łąki. 

Należy jednak pamiętać, że występowanie stref roślinnych w morzu 
uwarunkowane jest przenikaniem promieni słonecznych; a to z kolei 
zależne jest od warunków lokalnych, tj. miejsca, szerokości geogra- 
ficznej, pory dnia, roku i od stopnia przezroczystości wody. I tak w Mo- 


Tabela 6 


Występowanie batymetryczne (w metrach) 
Bathymetric occurrence (in metres) 


R Gatunek — Species 0-10 | 10-20 | 20-30 | 30-40 | 40-50 | 50-60 | 60-70 
1 | Cardium edule L. + -|- 

2 | Rissoa inconspicua Alder <= -L 

3 | Hydrobia ulvae (Penn.) + + 

4 | Spisula subtruncata (Da Costa) + -- + | 

5 | Eulimella nitidissima (Mont.) -- + + + JE 

6 | Nassarius reticulatus (L.) LL > - + EE 

7 | Clathrus clathrus L. + + -+ + SE 

8 | Chrysalida spiralis (Mont.) > e -E <t 
9 | Bittium reticulatum (Da Costa) SE - | ZE JE 
10 | Odostomia pallida (Mont.) = =F = TF =" 
11 | Mysella bidentata (Mont.) + + -|- e al. zje E 
12 | Alołdis gibba (Olivi) ZE > „IE a[ ŚJ al. SE 
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rzu Śródziemnym przezroczystość wody przekracza nieraz 50 m, w ka- 
nale La Manche dochodzi zaledwie do 20 m, a w Morzu Bałtyckim 
wynosi średnio tylko 12 m (Demel, 1951 p. 89-90). Z tego też powodu 
trudno warunki batymetryczne określić w metrach. 


e. Wiek fauny 


Jak wynika z rozważań paleogeograficznych, mięczaki z margli mor- 
skich z Brachlewa reprezentują faunę luzytańską. Analogiczny, lecz 
bogatszy zespół, z formą przewodnią Paphia aurea senescens (Cocc.), 
znajdowany w osadach plejstoceńskich Holandii, Niemiec i Danii, zali- 
czany jest do interglacjału eemskiego. Na tej podstawie nasze mięcza- 
ki z Paphia aurea senescens (Cocc.) określić możemy również jako faunę 
eemską. 

Spaink (1958) podaje listę małżów i ślimaków z osadów eemskich 
Holandii, zawierającą 141 gatunków. Zestawiając z nią listę mięczaków 
z terenów Polski stwierdzić musimy, że fauna ze wschodniej zatoki 
morza eemskiego wykazuje zubożenie gatunkowe. Prawdopodobnie spo- 
wodowane to jest obniżeniem zawartości soli w tej zatoce, w porów- 
naniu z normalnym zasoleniem, jakie występowało w zachodniej części 
morza eemskiego. 

Ważnym czynnikiem wpływającym na rozsiedlenie i zróżnicowanie 
życia w morzu był fizyczny charakter dna. Autorzy holenderscy (Spaink, 
1958, p. 40-41) uważają faunę eemską Holandii za faunę wybrzeża ska- 
listego. Faunę eemską z Brachlewa należy uważać za faunę urozma- 
iconego dna piaszczysto-mulistego. Prawdopodobnie więc charakter dna 
jest również jedną z przyczyn uboższej listy mięczaków w osadach 
eemskich Polski. 


WNIOSKI 


1. Na podstawie zasięgów rozmieszczenia geograficznego dziś żyją- 
cych gatunków ustalono, że obszar zamieszkiwania zespołu mięczaków 
z Brachlewa odpowiada strefie luzytańskiej. 

2. Ustalono skład gatunkowy kopalnej biocenozy. Tworzą ją głównie 
ślimaki fitofagi, jak: Rissoa inconspicua, Bittium reticulatum, Odostomia 
pallida, Chrysalida spiralis oraz drapieżny Nassarius reticulatus. Z, mał- 
żów wymienić można: Cardium edule, Mysella bidentata, Spisula sub- 
truncata, Corbula gibba oraz młode osobniki Mytilus edulis i Paphia 
aurea senescens. 

3. Opisywane mięczaki żyły w środowisku o A zasoleniu, 
nie mniejszym jednak, niż 15-20%w. 
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4. Badany zespół żył w płytkim morzu wśród łąk podwodnych na 
głębokości poniżej 20 m. Ź 

5. Na podstawie obecności przedstawicieli fauny luzytańskiej i prze- 
wodniego gatunku Paphia aurea senescens (Cocc.) margle morskie 
z Brachlewa zostały zaliczone do interglacjału eemskiego. 

6. W porównaniu z utworami eemskimi zachodnich krajów, eem 
Brachlewa wykazuje podobny charakter faunistyczny, lecz jest gatun- 
kowo uboższy. 


CZĘŚĆ SYSTEMATYCZNA! 


Gromada Gastropoda 
Rząd Prosobranchia 
Rodzina Lacunidae 

Rodzaj Lacuna Turton, 1827* 
Lacuna vincta (Montagu, 1803) 
(pl. I, fig. 9) 


1872. Lacuna divaricata Fabricius; H. A. Meyer % K. Móbius, Die Prosobranchia..., 
p. 21-23, fig. 1-7 na pl. obok p. 24. 

1878. Lacuna divaricata Fabricius; G. O. Sars, Mollusca Regionis..., D.-1605.032218 
fig. 22. 

1913. Lacuna divaricata Fabricius; O. Buchner, Einfiihrung..., p. 59, pl” 1, £I8: 42, 

1933. Lacuna vincta (Montagu); T. Benthem Jutting, Mollusca..., Pp. 54-56, fig. 21. 

1936. Lacuna divaricata Fabricius; W. E. Ankel, Prosobranchia..., p. 46. 


Materiał. — Kilka fragmentów z połamanych skrętów, o zabarwie- 
niu fioletowo-wiśniowym pasa biegnącego podłużnie. 
Uwagi. — W Muzeum Paleontologicznym w Kopenhadze znajdowały 


się podobne do moich ułamki, zaliczone przez Nordmanna (1908) do 


Lacuna vincta (Montagu). Porównując z nimi fragmenty z Brachlewa 
stwierdziłam duże ich podobieństwo. 


Ekologia. — Gatunek ten żyje w strefie przybrzeżnej na głębokości 
0-20 m, na dnie piaszczystym lub kamienistym, wśród glonów i traw 
morskich, jak np. Zostera, oraz innych roślin. Wytrzymuje obniżenie 
zasolenia do około 20%w. 

Rozmieszczenie geograficzne. — Zachodnia część Bałtyku, Morze 
Północne, Ocean Atlantycki od wybrzeży Norwegii po Zatokę Biskaj- 
ską, wschodnie wybrzeże Ameryki Północnej. 


Występowanie w stanie kopalnym. — Plejstocen Europy północnej. 


1 Systematyka według Thiele (1931, 1935), 


,” Autorzy rodzajów i daty ich utworzenia podane są według Nomenclator Zo00- 
logicus (1939). 
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Rodzina Littorinidae 
Rodzaj Littorina Ferussac, 1822 
Littorina littorea (Linnć, 1758) 
(pl. I, fig. 12) 
1872. Littorina littorea (Linnć); H. A. Meyer % K. Móbius, Die Prosobranchia..., 
p. 21. fig. 1-3 na pl. obok p. 14. 

1878. Littorina littorea (Linnć); G. O. Sars, Mollusca Regionis.., p. 164. 
1913. Littorina littorea (Linnć); O. Buchner, Einfihrung.., p. 58, pl. 2, fig. 1-2. 
1933. Littorina littorea (Linnć); T. Benthem Jutting, Mollusca.., p. 58, fig. 24. 
1936. Littorina littorea (Linne); W. E. Ankel, Prosobranchia..., p. 47. 
1948. Littorina littorea (Linnć); Z. A. Fiłatowa, Gastropoda..., p. 372, pl. 96, fig. 8g. 


Materiał. — 1 okaz o wymiarach 7 mm wysokości i 6 mm szerokości 
oraz 7 uszkodzonych, bardzo małych skorupek, wysokości około 1,5 mm. 


Opis. — Skorupka stożkowata, o szybko powiększających się trzech 
skrętach. Szczyt ostry, ostatni skręt bardzo poszerzony, pękaty. Rzeźbę 
tworzą podłużne prążki. Skorupka szaro-żółta, z 6 podłużnymi, cegla- 
stymi pasami. Ujście jajowate. Szczelinka umbilikalna zasłonięta. 

Ekologia. — Żyje w wodzie płytkiej, w strelie przypływu i odpły- 
wu, na dnie kamienistym lub skalistym. Podczas niskiego odpływu wy- 
trzymuje długi czas bez wody. Znosi obniżenie zasolenia. 


Rozmieszczenie geograficzne. — Zimne wody Finmarken, Morze 
Północne, wybrzeża Europy zachodniej po Gibraltar. Bałtyk — wybrze- 
ża Rugii i Bornholmu. 


Występowanie w stanie kopalnym. — Pliocen, plejstocen i postglac- 
jał Europy. 


Rodzina Hydrobiidae 
Rodzaj Hydrobia Hartman, 1821 
Hydrobia stagnalis (Baster, 1765) 
(PIOEKA25) 
1878. Hydrobia minuta Totten; G. O. Sars, Mollusca Regionis.., p. 171, pl. 9, 
fig. 11 a-b. 

1933. Hydrobia stagnalis Baster; T. Benthem Jutting, Mollusca.., p. 97-100, fig. 61. 
1936. Hydrobia stagnalis Baster; W. E. Ankel, Prosobranchia.., p. IXb, 44, fig. 78 B. 
1952. Hydrobia ventrosa Montagu; W. I. Żadin, Molluski.., p. 224, fig. 145. 
1957. Hydrobia ventrosa Montagu; J. Urbański, Krajowe ślimaki.., p. 79, fig. 46. 


Materiał. — Około 8 okazów, mniej lub więcej uszkodzonych. Wy- 
sokość ich waha się od 1,7 do 2,2 mm, szerokość — od 1 do 1,2 mm. 

Opis. — Skorupka stożkowata, gładka, biała, skręty wypukłe, oddzie- 
lone od siebie głębokim szwem. Szczyt ostry, otwór aperturalny u góry 
zaokrąglony. Szczelinka umbilikalna wąska. 


Ekologia. — Żyje w przybrzeżnych, płytkich wodach, na dnie piasz- 


250 IRENA BRÓDNIEWICZ 


czystym lub mulistym, wśród łąk podwodnych. Częsta w wodach pół- 
słonych. W środowisku wodnym, gdzie zawartość soli spada poniżej 5%o 
zasolenia, nie występuje. 


Rozmieszczenie geograficzne. — Bałtyk, Morze Północne, Śródziemne 
i Czarne. 
Występowanie w stanie kopalnym. — Pliocen i plejstocen Europy. 


Hydrobia ulvae (Pennant, 1777) 
(pl. I, fig. 11) 


1872. Hydrobia ulvae (Pennant); H. A. Meyer 8 K. Móbius, Die Prosobranchia..., 
p. 36-38, fig. 6-12 na pl. obok p. 34. 

1878. Hydrobia ulvae (Pennant); G. O. Sars, Mollusca.., p. 170, pl. 22, fig. 2. 

1933. Hydrobia ulvae Pennant; T. Benthem Jutting, Mollusca..., p. 94-97, fig. 56. 

1936. Hydrobia ulvae (Pennant); W. E. Ankel, Prosobranchia..., p. 43, fig. 78 A. 

1948. Hydrobia (Sabinea) ulvae (Pennant); Z. A. Fiłatowa, Gastropoda.., p. 374, 
PERO SCIEMA 

1952. Hydrobia ulvae (Pennant); W. I. Żadin, Molluski.., p. 224, fig. 145. 

1957. Hydrobia ulvae (Pennant); J. Urbański, Krajowe ślimaki.., p. 78, fig. 45. 

Materiał. — 12 dobrze zachowanych okazów, kilkanaście uszkodzo- 
nych oraz nieliczne skorupki młodych osobników. 


Opis. — Skorupka stożkowata, o skrętach słabo sklepionych i ostrym 
szczycie. Szew płytki. Ujście jajowate, u góry zaostrzone, jego brzegi 
połączone. Powierzchnia gładka. 

Ekologia. — Spotykana w wodach półsłonych. Znosi spadek zasole- 
nia do 1-2%v. Najchętniej przebywa w spokojnych zatokach. Jest wskaź- 
nikiem mulistego i zarośniętego dna. Forma przybrzeżna. 

Rozmieszczenie geograficzne. — Występuje współcześnie w Bałtyku 
po Zatokę Botnicką, Morze Północne, wschodnia część Oceanu Atlan- 
tyckiego od północnych krańców Skandynawii aż po Morze Śródziemne. 

Występowanie w stanie kopalnym. — Plejstocen Polski, Danii, Holan- 
dii i Niemiec. 


Rodzina Rissoidae 
Rodzaj Rissoa Freminville, 1813 
Rissoa membranacea (Adams, 1800) 
(pl. I, fig. 6) 
1933. Rissoa membranacea (Adams); T. Benthem Jutting, Mollusca.., p. 76-78, 
fig. 41. 

1936. Zippora membranacea (Adams); W. E. Ankel, Prosobranchia.., p. IX, 1b, 41. 

Materiał. — 6 okazów, mniej lub więcej fragmentarycznych. 

Opis. — Zwój o dość płaskich, lecz szybko poszerzających się skrę- 
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tach. Szew płytki, lecz wyraźny. Czasem widoczne żeberka poprzecz- 
ne. Na ostatnim skręcie wyraźna, mniej lub więcej zaostrzona krawędź. 
Ujście duże i szerokie, z zewnętrznej strony kątowato wygięte ku do- 
łowi. 


Ekologia. — Żyje współcześnie na niewielkiej głębokości, wśród łąk 
podwodnych. Forma roślinożerna. 

Rozmieszczenie geograficzne. — Zachodnio-europejskie i północno- 
-afrykańskie brzegi Oceanu Atlantyckiego, Morze Północne, Sródziemne 
i Czarne. 


Występowanie w stanie kopalnym. — Osady eemskie Holandii, Danii 
i Niemiec. 


Rissoa interrupta (Adams) bifasciata Sars, 1878 
(PSSCENSRB) 
1878. Rissoa interrupta (Ad.) var. bifasciata Sars; G. O. Sars, Mollusca Regionis..., 
p.l60, PRATO; HS. 10. 
Materiał. — Kilkanaście skorupek z obłamanym ostatnim skrętem. 
Wysokość dorosłych okazów około 1,9 mm, szerokość około 0,97 mm. 


Opis. — Skorupka drobna, masywna, gładka i połyskująca, koloru 
białego. Skręty mało wypukłe, szew niegłęboki. Sladów zabarwienia, 
czy pasków biegnących na skrętach brak. 


Uwagi. — Osobniki z Brachlewa bardzo podobne są do okazów otrzy- 
manych z Muzeum Zoologicznego Uniwersytetu w Kopenhadze, ozna- 
czonych jako Rissoa interrupta Ad. var. bifasciata Sars, lecz odmiana 
bifasciata opisana przez Sarsa różni się nieco od naszych okazów, 
które nie mają pasów na skrętach. Poza tym skorupki naszych egzem- 
plarzy są mniejsze i bardziej masywne, przez co zbliżone nieco do od- 
miany Rissoa interrupta exilis Jeffr. (Sars, 1878, p. 180). 

Rozmieszczenie geograficzne. — Gatunek Rissoa interrupta (Adams) 
występuje od północnych krańców Skandynawii po Morze Sródziemne. 
Zasięg powyższej odmiany nie jest jeszcze dostatecznie znany. 

Występowanie w stanie kopalnym. — Gatunek Rissoa interrupta jest 
znany z eemu Holandii i Danii. 


Rissoa inconspicua Alder, 1844 
(MONZA NSA 2) 


1872. Rissoa inconspicua Alder; H. A. Meyer śz K. Mobius, Die Prosobranchia..., 
p. 28-30, fig. 1-3, na pl. obok p. 30. 

1878. Rissoa inconspicua Alder; G. O. Sars, Mollusca Regionis.., p. 182-183, pl. 10. 
ETSOMB0L3221520,76: 

1936. Rissoa inconspicua Alder; W. E. Ankel, Prosobranchia, p. IX b, 40, fig. 47. 
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Materiał. — Około 120 okazów, w tym część uszkodzonych. Osobni- 
ki od młodych o 2 skrętach do dorosłych o 5 skrętach. Wysokość 
0,7-2,5 mm, szerokość 0,6-1,6 mm. 

Opis. — Skorupka jajowato-stożkowata, o dość wypukłych skrętach. 
Szew wyraźny. Czasem od trzeciego skrętu zjawiają się poprzeczne że- 
berka, które na ostatnim odcinku skrętu zanikają. Skorupka biała, nie- 
kiedy żółta, najczęściej z poprzecznymi brązowymi prążkami. Ujście 

mm 
24 
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27 


mm 
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Fig. 2. — Korelacja wysokości i szerokości sko- 
rupki (—) oraz wysokości i szerokości ujścia (- - -) 
Rissoa inconspicua Alder. 


owalne, warga zewnętrzna ostra, czasem występuje zgrubienie na zew- 
nętrznej jej stronie. Szczelinka umbilikalna wąska. 

Zmienność osobnicza. — Gatunek o bardzo dużej zmienności. Doty- 
czy ona koloru skorupki, który jest zazwyczaj biały, czasem kremowy, 
a niekiedy żółty. Poza tym, dużym zmianom podlegają brązowe lub 
ceglaste prążki na skrętach; mogą one być proste, skośne, zygzakowate, 
rozdwojone itp. Skorupka bywa gładka lub ma żeberka na ostatnim 
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i przedostatnim skręcie (pl. I, fig. 2). Okazy żeberkowane mają zazwy- 
czaj mniej wyraźnie zaznaczone barwne prążki, lub ich nie mają wcale. 


Zmienność w ontogenezie. — W celu otrzymania obrazu zmienności 
cech, ujawniającej się w miarę wzrostu osobników, dokonano na+73 oka- 
zach pomiarów wysokości i szerokości skorupek oraz wysokości i szero- 
kości ujścia. Na tej podstawie przeprowadzono korelacje wyżej wymie- 
nionych cech, jak następuje. 

a) Współzależność wysokości it szerokości skorupki (fig. 2). Wysokość 
waha się od 0,76 do 2,24 mm, a szerokość od 0,63 do 1,52 mm. Przyrost 
wysokości wynosi 1, 48 mm przy wzroście szerokości 0,89 mm, co sta- 
nowi 60%/0 wysokości. Wskaźnik korelacji wynosi 1,51. 

b) Współzależność maksymalna wysokości i szerokości ujścia (fig. 2). 
Wysokość ujścia zawarta jest w granicach od 0,45 do 1,08 mm, a sze- 
rokość od 0,27 do 0,72 mm. Tutaj przyrost wysokości wynosi 0,63 mm 
przy przyroście szerokości 0,45 mm, co stanowi "(1% przyrostu wyso- 
kości. Wskaźnik korelacyjny dla tych cech wynosi 1,51. Obraz graficzny 
jest tutaj bardzo interesujący. Linia korelacji wysokości do szerokości 
we wzroście skorupki jest jednolita, o niezmiennym kierunku, z wyraź- 
ną dodatnią allometrią wysokości. Takie same proporcje i kierunek wy- 
kazuje linia korelacji w rozwoju ujścia. Największe wartości proporcji 
wysokości do szerokości ujścia na wykresie pokrywają się zupełnie 
z proporcjami wysokości i szerokości, obliczonymi dla najmniejszych 
skorupek. W obu przypadkach cechy te posiadają ten sam wskaźnik 
korelacyjny 1,51. 

c) Współzależność wysokości skorupki i wysokości ujścia. Wysokość 
ujścia zwiększa się równomiernie wraz z wzrostem całej skorupki. 
W grupie najmniejszych okazów wysokość ujścia stanowi 59% wyso- 
kości skorupki, gdy tymczasem u największych osobników wysokość 
ujścia stanowi 48/0 wysokości całej skorupki. 

Ekologia. — Forma roślinożerna. Żyje w litorale wśród łąk podwod- 
nych i schodzi aż do strefy krasnorostów. 

Rozmieszczenie geograficzne. — Strefa luzytańska i borealna. 

Występowanie w stanie kopalnym. — Osady interglacjału eemskiego 
Holandii, Danii i Niemiec. 


Rodzina Cerithidae 
Rodzaj Bittium Leach, 1847 
Bittium reticulatum (Da Costa, 1778) 
(G1233.4 plot HS,48) 
1872. Cerithium reticulatum Da Costa; H. A. Meyer 8 K. Móbius, Die Prosobran- 
chia..., p. 43-45, fig. 1-6 na pl. obok p. 4. 
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1913. Cerithium reticulatum Da Costa; O. Buchner, Einfiihrung.., p. 60, pl. 1, 


ME 8) 
1936. Bittium reticulatum (Da Costa); W. E. Ankel, Prosobranchia.., p. IXb 48, 
fig. 8. 
Materiał. — Gatunek ten należy do najliczniej występujących mię- 


czaków w Brachlewie. Wybrano kilka tysięcy skorupek różnego wieku. 
Najmniejsze z nich mają 0,3 mm wysokości i 0,2 mm szerokości, naj- 
większe — 8,4 mm wysokości i 2,8 mm szerokości. 
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Opis. — Skorupka smukła, wrzecionowata, koloru żółto-pomarańczo- 
wego. Dorosły okaz składa się z około 10 skrętów wypukłych, czasem 
płaskich. Rzeźbę skorupki stanowią 3 lub 4 podłużne i poprzeczne prążki, 
które krzyżując się z sobą tworzą drobne guzki. Leżą one w szeregach 


pionowych jedne nad drugimi i w szere- 
gach poziomych obok siebie. Ostatni zwój, 
nieco szerszy od poprzednich, kończy się 
okrągławym ujściem, zaopatrzonym ostrą 
wargą oraz małym wygięciem wydłużo- 
nym ku dołowi, jak gdyby syfonem. 

Zmienność  osobnicza. — Gatunek 
o .dość wielkiej zmienności osobniczej. 
Dotyczy ona przede wszystkim szerokości 
skorupki, mniej lub więcej wypukłych 
skrętów, liczby podłużnych prążków oraz 
kształtu guzków, które są perełkowate lub 
poziomo wydłużone. 


Ontogeneza. — Protokonchę tworzą 
dwa gładkie skręty (fig. 3a); na dwóch 
dalszych zaczyna się pojawiać urzeźbienie 
w postaci 2 podłużnych prążków (fig. 3 b). 
Na następnych skrętach liczba ich wzra- 
sta do 3, a czasem nawet do 4 (pl. I, fig. 
8). Począwszy od 4 czy 5 skrętu zaczynają 
występować również prążki poprzeczne, 
które na skrzyżowaniu z prążkami po- 
dłużnymi tworzą guzki (fig. 3 c, d). W dal- 
szym wzroście skorupki urzeźbienie jej 
nie ulega zmianom (pl. I, fig. 8). W celu 
zbadania rozwoju różnych cech skorupki 
i ich wzajemnych stosunków w następu- 
jących po sobie stadiach rozwojowych, 
dokonano na 163 okazach pomiarów wy- 
sokości i szerokości skorupki oraz wyso- 
kości i szerokości ujścia. Na tej podsta- 
wie zbadano korelacje tych cech jak na- 
stępuje. 


mm 
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Fig. 4. — Korelacja wysokości 

i szerokości skorupki (—) oraz 

wysokości i szerokości ujścia 

(---) Bittium reticulatum (Da 
Costa). 


a) Współzależność wysokości i szerokości skorupki (fig. 4). Wysokość 
okazów sięga od 0,36 do 8,43 mm, przy czym największa liczba osobni- 
ków przypada na klasę o wysokości 1,0-2,0 mm. Szerokość skorupek 
w granicach 0,25-2,75 mm. Największa liczba okazów zawarta jest 
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w przedziale klasowym o szerokości 0,5-1 mm. Przyrost wysokości sko- 
rupek jest trzykrotnie większy od przyrostu szerokości, co uwidocznia 
wykres graficzny. Obie skorelowane cechy wykazują pewną stałość roz- 
wojową, z wyraźną allometrią dodatnią w odniesieniu do wysokości. 
Współczynnik korelacji wysokości wynosi 2,37. 

b) Współzależność wysokości i szerokości ujścia (fig. 4). Wysokość 
ujścia zawarta jest w granicach 0,15-2,06 mm, a szerokość — 0,15-1,5 mm 
Przyrost wysokości wynosi 1,81 mm, zaś przyrost szerokości 1,35 mm. 
Współczynnik korelacji obu cech ujścia wynosi 1,44. Graficzny ich 
obraz wykazuje pewne odchylenia od prawidłowości. Przyczyna tego 
leży prawdopodobnie w zmianach proporcji podczas ontogenezy. 

c) Współzależność wysokości skorupki. do wysokości ujścia. U naj- 
młodszych okazów stosunek wysokości skorupki i wysokości ujścia 
wynosi 42%, gdy tymczasem u najstarszych wysokość ujścia stanowi 
tylko 24% całej wysokości. Stąd wynika niska wartość współczynnika 
tej korelacji (Ms = 0,28). 

Ekologia. — Gatunek eurybatyczny, żyje na głębokości 0-250 m; 
jest również gatunkiem euryhalicznym, znanym także z wód półsło- 
nych. 

Rozmieszczenie geograficzne. — Zachodni Bałtyk, Skagerrak, Kat- 
tegat, Morze Północne, wybrzeże Europy zachodniej, Ocean Atlantycki 
po Wyspy Kanaryjskie, Morze Śródziemne i Morze Czarne. 


Występowanie w stanie kopalnym. — Miocen i plejstocen Europy. 


Rodzina Sealidae 
Rodzaj Clathrus Oken, 1815 
Clathrus clathrus (Linnć, 1758) 
(Bl Eefz 13) 
1913. Scalaria communis Lamarck; O. Buchner, Einfihrung.., p. 124, pl. 2, fig. 10. 


1933. Clathrus clathrus (Linnć); T. Benthem Jutting, Mollusca..., p. 123-124, fig. 86. 
1936. Scala clathrus (Linnó); W. E. Ankel, Prosobranchia.., p. IX b, 49, tis, 431E 


Materiał. — Około 30 mniej lub więcej uszkodzonych okazów. Sko- 
rupki noszą ślady obtoczenia, mają starte żeberka poprzeczne i war- 
stwę zewnętrzną, poza tym obłamane szczyty i skręty; czasem pozo- 
stały tylko fragmenty połamanych osobników. Długość całych młodych 
okazów wynosi 7,8 mm, szerokość 3,6 mm. 


Opis. — Skorupka smukła, złożona ze skrętów oddzielonych od sie- 
bie wyraźnym szwem. Protokoncha jest gładka, na następnych skrę- 
tach biegną liczne listewkowate skośne żeberka, których na ostatnim 
zwoju jest najczęściej 9. Łączą się one z sobą na granicy szwów. Ujście 
okrągłe, brzeg zgrubiały. Dołek osiowy zakryty. Na niektórych okazach 
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zachowana jest pomarańczowa barwa skorupki, z ceglastymi, rozrzuco- 
nymi ma niej plamami. 

Ekologia. — Forma roślinożerna, żyjąca na głębokości od 15 do 70 m. 

Rozmieszczenie geograficzne. — Morze Północne, Ocean Atlantycki 
od północnych krańców Skandynawii do Wysp Kanaryjskich i Morze 
Sródziemne. 

Występowanie w stanie kopalnym. — Osady eemskie Holandii, 
Danii i Niemiec. 


Rodzina Pyramidellidae 
Rodzaj Chrysalida Carpenter, 1856 
Chrysalida spiralis (Montagu, 1803) 

(Fig. 5; pl. II, fig. 3) 


1878. Parthenia spiralis (Montagu); G. O. Sars, Mollusca Regionis..., p. 200-201, 
pl. 11, fig. 4. 


1933. Chrysalida spiralis (Montagu); T. Benthem Jutting, Mollusca..., p. 129, fig. 93. 
1936. Partidula spiralis (Montagu); W. E. Ankel, Prosobranchia.., IX b, 538, fig. 56. 


Materiał. — Kilkaset dość dobrze zachowanych skorupek różnego 
wieku, od najmłodszych o 1 skręcie, 0,33 mm wysokości i 0,36 mm 
szerokości, do najstarszych o 5 skrętach, 1,64 mm wysokości i 0,78 mm 
szerokości. Lekko uszkodzonych skorupek z nadłamanym ujściem jest 
więcej niż połowa, bardziej zniszczonych okazów mało, bez uszkodzeń 
około 200 egzemplarzy. Rzeźba bardzo dobrze zachowana, nie starta; 
śladów obtoczenia brak. 

Opis. — Skorupka mała, stożkowata, błyszcząca, koloru białego. 
Pierwszy, a czasem i drugi skręt gładki, dalsze 2 lub 3 płaskie skręty 
pokryte poprzecznymi prawie prostokątnymi żeberkami; na ostatnim 
skręcie około 10 żeberek, pod nim przebiega 4-5 podłużnych prążków. 
Szwy głębokie. Ujście jajowate. Brzeg ostry, niewywinięty ani zgru- 
biały. Wrzeciono z 1 zębem. Pępek zakryty. 

Ontogeneza. — Pomiary wysokości i szerokości skorupek oraz wy- 
sokości i szerokości ujścia wykonano na 170 osobnikach różnego wieku. 
W związku z tym zbadane zostały następujące korelacje. 

a) Współzależność wysokości i szerokości skorupki (fig. 5). Wysokość 
skorupek wynosi od 0,33 do 1,64 mm. Szerokość zawarta jest w grani- 
cach 0,36-0,78 mm. Przyrost wysokości jest trzykrotnie większy, niż 
przyrost szerokości. Obie wymienione skorelowane cechy, wykazujące 
pewną stałość rozwojową, przedstawione są na fig. 5. Ich współczynnik 
korelacji wynosi 1,57. Wysokość skorupki szybko wzrasta i w związku 
z tym progresywnie powiększają się współczynniki klasowe. 

b) Współzależność wysokości do szerokości ujścia (fig. 5). Wysokość 
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ujścia mierzonych okazów waha się od 0,2 do 0,63 mm, a szerokość od 


0,18 do 0,42 mm. Przyrost wysokości ujścia wynosi 0,43 mm, zaś przy- 
rost szerokości 0,24 mm. Wysokość ujścia bardzo równomiernie wzrasta 
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Fig. 5 — Korelacja wysokości i szerokości skorupki () 
oraz wysokości i szerokości ujścia (- --) Chrysalida 
spiralis (Mont.). 


wraz z przyrostem szerokości, czego wyrazem jest prosta, będąca obra- 
zem graficznym obu tych wartości. Wskaźnik korelacji wymosi 1,44. 
We wzroście całej skorupki dominuje cecha wysokości, a w rozwoju 
ujścia obie cechy, wysokości i szerokości, są prawie równomiernie sko- 
relowane. 


s zw 


EEMSKIE MIĘCZAKI MORSKIE 259 


c) Współzależność wysokości skorupki do wysokości ujścia. Wraz ze 
wzrostem wysokości skorupki zwiększa się, o wiele jednak wolniej, wy- 
sokość ujścia. Na początku, przy wysokości skorupki 0,33 mm, wysokość 
ujścia wynosi 0,2 mm, co stanowi 67% U okazów dorosłych MSEORY? 


ujścia stanowi 389%/0 całej wysokości skorupki. 


Ekologia. — Forma roślinożerna, żyje na ah podwodnych w głę- 
bokości od 15 do 75 m. 

Rozmieszczenie geograficzne. — Atlantyk, od Wysp Szetlandzkich po 
Gibraltar. 

Występowanie w stanie kopalnym. — Osady eemskie Holandii, Nie- 
miec i Danii. : 


Rodzaj Odostomia Fleming, 1813 
Odostomia pallida (Montagu, 1803) 
(fig. (67 pl 1, fig. 7) 


1878. Odostomia pallida Mont.; G. O. Sars, Mollusca Regionis.., p. 203-204, pl. 22, 
kieari2: 3 
1957. Odostomia eulimoides Hanley; G. Spaink, Determinatie-tabel.., pl. I. 


Materiał. — Około 250 okazów dobrze zachowanych, czasem tylko 
z lekko obłamanym ostatnim RE Wymiary 0,4-3,3 mm wysokości 
i 0,4-1,6 mm szerokości. X 

Opis. — Skorupka stożkowata, gładka i błyszcząca, koloru białego. 
Skrętów u dorosłych okazów około 6, mało wypukłych, z wyjątkiem 
ostatniego, który jest dość pękaty. Ujście wydłużone, z widocznym wy- 
raźnym zębem. Szczelinka umbilikalna wąska. 

Ontogeneza. — Dla 180 skorupek wykonano pomiary wysokości 
i szerokości skorupki oraz wysokości i szerokości ujścia. Współzależność 
tych cech przedstawia się jak następuje. 

a) Współzależność wysokości i szerokości skorupki (fig. 6). Wysokość 
badanych okazów sięga od 0,45 mm do 3,26 mm, szerokość od 0,4 mm 
do 1,63 mm. Stosunek wysokości i szerokości najmniejszy jest u ma- 
łych okazów i zwiększa się w miarę wzrostu osobników; sięga on zwykle 
od 1,44 do 2,06. Współczynnik korelacji tych cech wynosi 1,69. Przyrost 
wysokości jest przeszło dwukrotnie większy od przyrostu szerokości; 
jak wynika z fig. 6, przebiega on dość równomiernie. Obie skorelowane 
cechy wykazują stałą tendencję rozwojową. 

b) Współzależność wysokości i szerokości ujścia (fig. 6). Obraz gra- 
ficzny współzależności wysokości i szerokości ujścia jest bardzo zbliżony 
do wykresu, dotyczącego wymienionych cech całej skorupki. Drobne 
odchylenia przypadają na te same klasy i odbywają się w jednym 
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kierunku, co wskazuje na proporcjonalną zależność kształtowania się 
cech skorupki i ujścia. Stosunek wysokości i szerokości ujścia wynosi 
od 1,84 u najmniejszych okazów i dość równomiernie powiększa się 
do 2 u egzemplarzy największych. Współczynnik korelacji tych cech 
wynosi 1,83. We wczesnej młodości skorupki obie cechy rozwijają się 
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Fig. 6, — Korelacja wysokości i szero- 

kości skorupki (—) oraz wysokości i sze- 

rokości ujścia (---) Odostomia pallida 

(Mont.). 

prawie równomiernie, a w stadium późniejszym zaczyna przeważać 
wzrost wysokości w porównaniu do przyrostu szerokości. Takie same 
zmiany rozwojowe widać we wzroście ujścia. 


c) Współzależność wysokości skorupki do wysokości ujścia. Wysokość i 
ujścia wzrasta proporcjonalnie wraz ze wzrostem wysokości całej sko- 
rupki. U największych okazów wysokość ujścia stanowi 47%/ę wysokości 
skorupki. 
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Ekologia. — Forma roślinożerna, występuje wśród łąk podwodnych. 
Rozmieszczenie geograficzne. — Strefa borealna i luzytańska. 


Występowanie w stanie kopalnym. — Osady eemskie Danii, Holandii 
i Niemiec. 


Odostomia unidentata (Montagu, 1803) 
Gig 78pL TS fig4) 


1878. Odostomia unidentata (Montagu); G. O. Sars, Mollusca..., p 21, pl"", 
11890.6,00.282 


Materiał. — 5 okazów różnego wieku, dość dobrze zachowanych, 
z lekko obłamanym ostatnim skrętem. Największy osobnik ma 1,8 mm 
wysokości i 0,8 mm szerokości. 


Opis. — Skorupka stożkowata, biała. 5 skrętów słabo wypukłych, 
ostatni skręt lekko poszerzony, z mniej lub więcej wyraźną krawędzią 
w części peryferycznej. Szwy niegłębokie. 
Protokoncha heterostroficzna, tzn. zawi- 
nięta lewoskrętnie, o osi prostopadłej do 
osi skorupki dojrzałej, która jest prawo- 
skrętna (fig. 7). Otwór aperturalny jajo- 
waty, niekiedy z zewnętrznej strony ką- 
towato wygięty ku dołowi. Kolumella 
z zębem. Szczelinka umbilikalna wąska. 

Ekologia. — Żyje w głębokości 18-19 
m. Chętnie przebywa w strefie laminario- 
wej i pomiędzy ławicami ostryg. 


Rozmieszczenie geograficzne. — Atlan-  pyg, 7, — Heterostroficzna pro- 
tyckie wybrzeże Europy zachodniej i Mo-  tokoncha u Odostomia unidentata 
rze Sródziemne. (Mont.) 

Występowanie w stanie kopalnym. — Plejstocen Holandii i postglac- 
jał Szwecji. 


Rodzaj Eulimella Jeffreys, 1847 
Eulimella nitidissima (Montagu, 1803) 
(fig. 8; pl. II, fig. 4) 
1803—08. Turbo nitidissimus Montagu; G. Montagu, Testacea.. p. 299. 


1908. Eulimella nitidissima var. pointeli de Folin; V. Nordmann, Molluskfaunaen..., 
DOS PRZZ KCS 15, 16: 


Materiał. — Kilkaset egzemplarzy dobrze zachowanych, odpowiada- 
jącyćh osobnikom wszystkich stadiów rozwojowych, począwszy od 
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protokonchy do dorosłych. 
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Osobniki największe połamane. Najczęstsze 


skorupki o 5 skrętach, 0,7—1,2 mm długości i 0,35 mm szerokości. 


_. Opis. — Skorupka mała, smukła, wrzecionowata, połyskująca, koloru 
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Fig. 8. — Korelacja wyso- 
kości i szerokości skorupki 
(—) oraz wysokości i szero- 
kości ujścia (---) Eulimella 
nitidissima  (Mont.). 


cjonalność rozwoju, z tym, 
tylko szerokość. 


białego. Skrętki wypukłe, wolno wzrastające, 
oddzielone od siebie dość głębokim, lekko 
skośnym szwem. Skrętów około 6, najczęś- 
ciej 5. Protokoncha heterostroficzna, usta- 
wiona pionowo do osi skrętki prawozwrotnej. 
Ujście jajowate. Szczelinka  umbilikalna 
zamknięta. 


Ontogeneza. — Zmienność w ontogenezie 
'dotyczy jedynie zmian w korelacji wysokości 
i szerokości, co występuje w wartościach 
cyfrowych na tabelkach. Dokonano pomia- 
rów wysokości i szerokości skorupki oraz 
wysokości i szerokości ujścia u 120 okazów. 
Pomiary te posłużyły do obliczenia kore- 
lacji tych cech jak następuje. 

a) Współzależność wysokości i szerokości 
skorupki (fig. 8). Wysokość okazów zawarta 
jest w granicach 0,36-1,59 mm. Szerokość 
skorupek wynosi od 0,2 do 0,49 mm, przy 
czym najwięcej osobników mieści się w prze- 
dziale klasowym o szerokości 0,35-0,4 mm. 
Współczynnik korelacji wynosi 2,32. Przy- 
rost wysokości skorupki jest czterokrotnie 
większy, niż przyrost szerokości i jak wska- 
zuje fig. 8 przebiega równomiernie na całej 
długości. Obie cechy skorelowane wykazują 
progresywnie powiększającą się wartość pro- 
porcji. : 

b) Współzależność wysokości i szerokości 
ujścia (fig. 8). Wysokość ujścia zawarta jest 
w granicach 0,13-0,36 mm, a szerokość 
0,11-0,27 mm. Współczynnik korelacji równa 
się 1,31. Przyrost wysokości wynosi 0,23 mm 
przy przyroście szerokości 0,16 mm. Obie 
skorelowane cechy wykazują stałą propor- 
ze przyrost wysokości przewyższa nieznacznie 


c). Współzależność wysokości skorupki do wysokości ujścia.. Te dwie 


osb 
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skorelowane. cechy wykazują stałe, dość równomierne powiększenie 
obu wysokości. Przy przyroście wysokości całej skorupki, wynoszącym 
1,23 mm, przyrost ujścią wynosi tylko .0,23 mm, co stanowi 19% przy- 
rostu całej skorupki. 

- Ekologia. — Forma roślinożerna, żyje wśród łąk podwodnych na 
dnie piaszczystym, w głębokości od 2 do 55 mm. Znosi lekkie obniżenie 
zasolenia. 


Rozmieszczenie geograficzne. — Morze Północne, Skagerrak, Katte- 
gat po Zatokę Kilońską i atlantyckie wybrzeże Europy zachodniej. 

Występowanie w stanie kopalnym. — Osady eemskie Holandii, Danii 
i Niemiec. 


Rodzina Nassidae 
Rodzaj Nassarius Dumeril, 1806 
Nassarius reticulatus (Linnć, 1758) 


(is. 9, 10; Br II, fig. 6) 


1872. Nassa reticulata Linnć; H. A. Meyer 8: K. Móbius, Die Prosobranchia, 
p. 53-56, fig 1-13 na pl. obok p. 42. 

1913. Nassa reticulata (Linnć); O. Buchner, Einfiihrung..., p. 65, pl 2, fig. 3. 

1933. Nassarius reticulatus (Linnć), T. Benthem Jutting, Mollusca..., p. 142-145, 
fig. 104. 

1936. Nassa reticulata Linnć; W. E. Ankel, Prosobranchia.., p. IX b, 60, fig. 94, 96, 

Materiał. — Kilkaset skorupek z różnych stadiów wzrostu, od naj- 
młodszych 0,6 mm wysokości i 0,5 mm szerokości, do najstarszych 
21,3 mm wysokości i 11,7 mm szerokości. 

Opis. — Skorupka stożkowata, w górnej części zwężająca się dość 
silnie, złożona z 7 skrętów. Protokoncha składa 
się z dwóch lub trzech zupełnie gładkich, po- 
łyskujących skrętów (fig. 9). Dalsze skręty opa- 
trzone są licznymi podłużnymi prążkami. Poza 
tym rzeżbę tworzą poprzeczne żebra, które, 
krzyżując się z żebrami podłużnymi, tworzą 
charakterystyczne guzki. Na ostatnim skręcie 
jest zwykle 15-20 poprzecznych żeber. Szczyt 
skorupki ostry: ostatni skręt, mniej lub więcej 
wypukły, zajmuje połowę całej wysokości sko- : 
rupki. Ujście jest szeroko owalne. Warga z le- Fig. 9. — Gładka proto- 
wej strony jest przyrośnięta do kolumelli, pra- DESA A REZAĆ ZeCUE 
wy jej brzeg jest ostry, wewnątrz zgrubiały, M 
często z poziomymi, krótkimi listewkami. Na dole ujście wyciągnięte 
w krótką, odchyloną ku dołowi rynienkę. 
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Zmienność osobnicza. — Zaobserwowano bardzo wielką zmienność 
osobniczą, jednak nie została ona ujęta liczbowo, ponieważ zupełnie 
nieuszkodzonych skorupek dojrzałych osobników było niewiele. ŻE 
ność dotyczy głównie wysokości i szerokości skorupki. Można wyróżnić 
formy wyraźnie smuklejsze o mniejszej szerokości a większej wysokości, 


mm 
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Fig. 10. — Korelacja wysokości i szero- 

kości skorupki (—) oraz wysokości i sze- 

rokości ujścia (- - -) Nassarius reticulatus 
(L.). 


oraz formy pękate, mniej wysokie i szersze. Poza tym wielkiej zmien- 
ności podlega liczba podłużnych żeberek na ostatnim skręcie skorupki, 
która waha się od 15 do 20. Znaleziono jednak okazy mające tylko 
12-13 żeber, a inne — nawet 22 żebra. Formy o mniejszej liczbie sta- 
nowią być może przejście do odmiany Nassarius reticulatus var. nitida 
Yeffr., u której ilość żeber waha się od 10 do 12. 


Ontogeneza — Aby wykazać zmienność w ontogenezie na 170 


okazach różnego wieku dokonano pomiarów wysokości i szerokości 
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skorupki oraz wysokości i szerokości ujścia. Pomiary te posłużyły do 
przeprowadzenia korelacji tych cech jak następuje. 

a) Współzależność wysokości i szerokości skorupki (fig. 10). Wysokość 
okazów zawarta jest w granicach 0,65-21,3 mm, a szerokość — 
0,5-11,7 mm. Przyrost wysokości skorupki wynosi 20,65 mm, przy 
11,16 mm wzroście szerokości skorupki. Graficzny obraz kształtowania 
się współzależności wysokości i szerokości skorupki wykazuje pewną 
stałość rozwojową. Dominującą cechą podczas całego wzrostu skorupki 
jest wysokość. Współczynnik korelacji tych cech wynosi 1,76. 

b) Współzależność wysokości i szerokości ujścia (fig. 10). Wysokość 
ujścia sięga 0,32-10,85 mm, a szerokość — 0,29-5,25 mm. Przyrost wy- 
sokości ujścia wynosi 10,53 mm, wobec przyrostu szerokości 4,96 mm. 
Przyrost wysokości ujścia wzrasta proporcjonalnie do szerokości; wy- 
razem tego jest krzywa na fig. 10, która graficznie przedstawia obie 
skorelowane cechy. Tutaj dominuje cecha wysokości, tak jak i w całej 
wysokości skorupki. Współczynnik korelacji wynosi 2,03. W ontogenezie 
wysokości i szerokości skorupki oraz ujścia widać prawie jednakową 
tendencję rozwojową, co uwydatniają niemal równoległe proste. 

e) Współzależność wysokości skorupki i wysokości ujścia. U naj- 
młodszych okazów współczynnik klasowy wynosi 1, który w miarę 
wzrostu skorupki zmniejsza się do 0,51. Stopniowy przyrost wysokości 
ujścia przy wzroście wysokości całej skorupki jest znacznie mniejszy; 
u największych okazów stanowi on 51%/6 wysokości skorupki. 

Ekologia. — Gatunek żyjący w sublitorale, na głębokości do 55 m, 
na dnie mulistym, wśród łąk podwodnych, głównie Zostera marina 
i Z.nana. Spotykany również w środowisku o obniżonej zawartości soli 
do 12%0. Forma drapieżna. 

Rozmieszczenie geograficzne. — Fiord Trondheim, Morze Północne, 
europejskie wybrzeże Oceanu Atlantyckiego po Azory, Morze Śród- 
ziemne i Morze Czarne. 


Występowanie w stanie kopalnym. — Plejstocen. 


Rząd Opistobranchia 
Rodzina Diaphanidae 
Rodzaj Diaphana Brown, 1827 
Diaphana minuta (Brown, 1827) 
PLA fiz1) 


1935. Diaphana (D.) minuta (Brown); J. Thiele, Handbuch.., p. 383, fig. 480. 
1941. Diaphana minuta (Brown); H. Lemche, Gastropoda Opistobranchiata..., 
p. 17-18. 
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1948. Diaphana hyalina (Turton); Z. A. Fiłatowa, Gastropoda.., p. 394, pl. 108, 


fig. 9 a-v. 
Materiał. — Znaleziono 3 uszkodzone młode okazy, o wysokości sko- 
rupek około 1,5 mm. ! 
Opis. — Skorupka mała, koloru białego, cienka, gruszkowata; 


ostatni skręt zajmuje prawie całą wysokość skorupki. Jeden z pierw- 
szych skrętów lekko wyniesiony ponad skorupkę. Ujście u dołu szerokie, 
zwężające się ku górze. 


Uwagi. — Według opinii Dr H. Lemke z Muzeum Zoologicznego 


w Kopenhadze, młode: skorupki przypominają Diaphana minuta 
(Brown). 

Ekologia. — Żyje w litorale, w głębokościach od 3 do 100 m. 

Rozmieszczenie geograficzne. — Atlantyk od Grenlandii i Spitsber- 
genu po Wyspy Kanaryjskie i Morze Śródziemne. 

Występowanie w stanie kopalnym. — Nie notowany. 


Gromada Lamellibranchiata 
Rodzina Mytilidae 
Rodzaj Brachyodontes Swainson, 1840 
Brachyodontes lmeatus (Gmelin) 
(pl. V. fig. 4) 


1934. Mytilus lineatus Gmelin; Ad. S. Jensen 6 R. Sparck, Saltvandsmuslinger..., 
| OYCS/OUTZNGGH 

1935. Brachyodontes (Mytilaster) lineatus (Gmelin); J. Thiele, Handbuch... Bd. 2 
p. 799. 


, 


Materiał. — Nieliczne połamane egzemplarze. 

Opis. — Fragmenty mają charakterystyczną dla tego gatunku rzeźbę 
zewnętrzną. Dobrze jest również zachowana część zawiasowa oraz 
charakterystycznie pokarbowany tylny wewnętrzny brzeg skorupki. 


Rozmieszczenie geograficzne. — Atlantyckie wybrzeże Europy za- 
chodniej i Morze Śródziemne. 

Występowanie w stanie kopalnym. — Osady eemskie Holandii, Danii 
i Niemiec. 


Rodzaj Mytilus Linne, 1758 
Mytilus edulis Linnć, 1758 
PAM SIS 8%) 


1872. Mytilus edulis Linnć; H. A. Meyer 8: K. Móbius, Die Prosobranchia..., 
p. 73-77, fig. 1-6 na pl. obok p. 74. % 
1878. Mytilus edulis Linnć; G. O. Sars, Mollusca Regionis.., p. 27. 


4 > 


EEMSKIE MIĘCZAKI MORSKIE 267 


1913. Mytżlus edulis Linnć; O. Buchner, Einfiihrung..., p. 82, fig. 87-89. 

1934. Mytilus edulis Linnć; Ad. S. Jensen % R. Spirck, p. 72-74, fig. 53. 

1943. Mytilus edulis Linnć; T. Benthem Jutting, Mollusca.., p. 52-67, fig LL 12 
1948. Mytilus edulis Linnć; Z. A. Fiłatowa, Bivalvia.., p. 428, pl. 108, fig. 4. 
1952. Mytilus edulis Linnć; W. I. Żadin, Molluski.., p. 356, fig. 334. 

1957. Mytillus edulis Linnć; J. Urbański, Krajowe ślimaki.., p. 229, fig. 247. 


Materiał. — Dość liczne ułamki skorup, należące do osobników róż- 
nego wieku, często z zachowanym zawiasem. Fragmenty osobników 
dorosłych są bardzo grube (w części zawiasowej dochodzą do 2,5 mm 
grubości). Młode osobniki, długości 1 mm, są bardzo cienkie i nieuszko- 
dzone. 


Opis. — Młode okazy jeszcze nie mają wykształconych zawiasów; 
okazy te jak również wszystkie ułamki, mają zabarwienie fioletowe. 
Na niektórych fragmentach widoczne są zawiasy — 3 lub 4 wąskie 
fałdy tworzące zęby główne. 


Ekologia. — Występuje współcześnie masowo, w zwartych zespołach 
do 30 tys. okazów na 1 m*, w głębokości do 25 m, przy czym poje- 
dyncze osobniki schodzą nawet do 250 m głębokości. Gatunek ten jest 
formą euryhaliczną, żyjącą w morzach o pełnym zasoleniu, jak również 
w środowiskach o małej zawartości soli (0,25%e). Zamieszkuje Bałtyk 
do 62”, gdzie skorupki są delikatne i cienkie (skarlałe), od 30 do 70 mm 
długości. Osobniki występujące w Oceanie Atlantyckim mają grubą 
skorupkę, długości 150 mm. 


Rozmieszczenie geograficzne. — Strefa subarktyczna, borealna i lu- 
zytańska. 

Występowanie w stanie kopalnym. — Pliocen, plejstocen i holocen 
Europy. 


Rodzina Ostreidae 
Rodzaj Ostrea Linnć, 1758 
Ostrea edulis Linne, 1758 
(Gie IGSOL "TV: 5 1) 
1913. Ostrea edulis Linne; O. Buchner, Einfiihrung.., p 78, fig. 84. 
1934. Ostrea edulis Linnć, Ad. S. Jensen 8% R. Sparck, Saltvandsmuslinger, 
p. 41-49, fig. 28. 
1944, Ostrea edulis Linne; T. Benthem Jutting, Mollusca..., p. 90-106, fig. 283. 
Materiał. — Około 30 okazów. Osobniki dorosłe bardzo połamane. 
Największy z nich ma 35 mm długości i 2,5 mm grubości. Egzemplarze 
młodsze lepiej zachowane. 


Opis. — Skorupka łuszcząca się, barwy szarej, kształtu jej nie można 
odtworzyć. Osobniki bardzo młode są przezroczyste, szarawe, z pofał- 
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dowaną skorupką; protokoncha siedząca na szczycie, błyszcząca, gładka, 
biała, nieprzejrzysta (fig. 11). Część zawiasowa słabo zaznaczona. 
W późniejszym stadium rozwojowym wewnątrz skorupki widoczne trój- 
kątne pole zawiasowe, leżące pod szczytem (pl. 
IV, fig. 1), które wraz ze wzrostem skorupki 
powiększa się. Zębów brak. 

Ekologia. — Gatunek ten jest mieszkańcem 
płytkich wód, do 50 m głębokości. Tworzy ła- 
wice, złożone z olbrzymiej liczby osobników. 


Rozmieszczenie geograficzne. — Morze Pół- 
nocne, zachodnie wybrzeże Europy i Morze 
Fig. 11. — Skorupka mło- Sródziemne. 
dego okazu Ostrea edulis MAmąż ; Inym. — Mio- 
LZY ZŁSORA PO SZCZAE WYSEPOROBISZ EE stanie kopalnym. M 
protokonchą. cen, pliocen i plejstocen Europy. 


Rodzina Montacutidae 
Rodzaj Mysella Angas, 1877 
Mysella bidentata (Montagu, 1803) 
PEMTRSM2A"D) 


1872. Montacuta bidentata Montagu; H. A. Meyer 8: K. Mobius, Die Prosobranchia..., 
p. 85-86, fig. 7-9 na pl. obok p. 86. 

1878. Montacuta bidentata Montagu; G. O. Sars, Mollusca Regionis.., p. 69, pls"19; 
fig. 17. 

1913. Montacuta bidentata Montagu; O. Buchner, Einfiihrung.., p. 85, pl. 18, 1ig 

1934. Montacuta (Mysella) bidentata Montagu: Ad. S. Jensen % R. Sparck, 
Saltvandsmuslinger..., p. 100-101. fig. 81. 

1943. Mysella bidentata (Montagu); T. Benthem Jutting, Mollusca..., p. 224-226, 
fig. 84. 

Materiał. — 4 lewe i 3 prawe skorupki o wymiarach: 0,6-2 mm dłu- 
gości i 0,4-0,6 mm wysokości. 

Opis. — Skorupka owalna, biała i błyszcząca, z delikatnymi koncen- 
trycznymi prążkami przyrostowymi. Szczyt przesunięty ku przodowi, 
leży mniej więcej w przedniej czwartej części skorupki. Nasze skorupki 
mają budowę brzegu zawiasowego zgodną z opisem Benthem Jutting 
(1943, p. 224). 

Ekologia. — Żyje na dnie szlamistym w głębokości 20-180 m. Wy- 
trzymuje nieduże obniżenie zawartości soli w wodzie. 

Rozmieszczenie geograficzne. — Zachodni Bałtyk, Morze Północne, 
Ocean Atlantycki od Norwegii do Madery, Morze Śródziemne, wschod- 
nie wybrzeże Ameryki Północnej. 


Występowanie w stanie kopalnym. — Osady eemskie Holandii, Danii 
i Niemiec. 


EEMSKIE MIĘCZAKI MORSKIE 269 


Rodzina Cardiidae 
Rodzaj Cardium Linnć, 1758 
Cardium edule Linnć, 1758 

(PESO fSR2) 


1872. Cardium edule iiinnć; H. A. Meyer 6z K. Móbius, Die Prosobranchia..., 
p. 87-89, fig. 1-3 na pl. obok p. 88. 

1878. Cardium edule Linnć; G. O. Sars, Mollusca Regionis.., p. 45. 

1913. Cardium edule Linnć; O. Buchner, Einfihrung.., p. 142, pl. 19, fig. 4, 5. 

1934. Cardium edule Linnć; Ad. S. Jensen % R. Sparck, Saltvandsmuslinger, 
p. 107-108, fig. 88. 

1943. Cardium edule Linnć; T. Benthem Jutting Mollusca.., p. 234-244, fig. 89a. 

1948. Cardium (Cerastoderma) edule Linnć; Z. A. Fiłatowa, Bivalvia..., p. 432, 
pl. 108, fig. 13. 

Materiał. — Nieliczne skorupki młodych i dorosłych osobników. Naj- 
większe mają 27 mm długości i około 26 mm wysokości, najmniejsze 
około 1,5 mm długości. Skorupki całe są nieliczne: 

Opis. — Skorupki prawa i lewa równe, kształtu nieregularnego trój- 
kąta. Żeberka i przestrzenie międzyżeberkowe gładkie, z wyraźnymi 
prążkami przyrostowymi. Zawiasy mają charakterystyczną dla Cardium 
edule budowę. 

Ekologia. — Występuje obecnie jako charakterystyczny składnik 
płytkowodnych zespołów fauny dna piaszczystego, porosłego łąkami 
podwodnymi, w głębokości do 20 m. Jest to gatunek euryhaliczny, 
wytrzymujący zarówno bardzo wysoką koncentrację soli, jak i duże 
jej rozcieńczenie. Wchodzi nawet do wody słodkiej. Grubość i wielkość 
skorup zależna jest od zasolenia. W wodach © mniejszym zasoleniu, 
niż normalnie, skorupki są cienkie i skarłowaciałe, co stwierdzamy 
w dzisiejszym Bałtyku. 

Rozmieszczenie geograficzne. — Wszystkie morza otaczające Europę. 

Występowanie w stanie kopalnym. — Miocen, pliocen i plejstocen 
Europy. 

Uwagi. — Skorupki dorosłych osobników mają kształt Cardium edule 
lamarcki Reeve, 1844, opisanego u Benthem  Jutting (1943, p. 241, 
fig. 89b). 


Cardium paucicostatum Sowerby, 1839 
(DANEZNE R) 


1916. Cardium paucicostatum Sowerby; K. O. Miłaszewicz, Molluski.., p. VII, 
fig. 15, 16. 
Materiał. — Znaleziono tylko ułamki skorup, z charakterystyczną 
dla tego gatunku rzeżbą. 
Opis. — Żeberka są szerokie i płaskie, wzdłuż ich środka przebiegają 
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duże kolcowate wyrostki. Z przodu lub tyłu skorupki prążki przyrosto- 
we zaznaczają się bardzo wyraźnie na żeberkach i w przestrzeniach 
międzyżeberkowych. Natomiast ułamki ze środkowych części skorupki 
mają żeberka, a nawet przestrzenie międzyżeberkowe gładkie. 


Ekologia. — Gatunek płytkowodny, znosi wahania zasolenia. 

Rozmieszczenie geograficzne. — Wybrzeże Atlantyku od Anglii do 
Gibraltaru, Morze Śródziemne i Morze Czarne. 

Występowanie w stanie kopalnym. — Miocen, pliocen i plejstocen 
Europy. 


Cardium exiguum Gmelin, 1790 
(pl. III, fig. 8) 


1878. Cardium exiguum Gmelin; G. O. Sars, Mollusca Regionis.., p. 47-48. 
1934. Cardium exiguum Gmelin; Ad. S. Jensen % R. Sparck, Saltvandsmuslinger, 
p. 106, fig. 86. . 


Materiał. — Nieliczne fragmenty skorup. 

Opis. — Skorupki cienkie, o wyraźnie trójkątnym zarysie. Przedni 
koniec krótszy od tylnego. Szczyt przesunięty ku przodowi znajduje 
się w pierwszej czwartej części skorupki. Żeberka pokryte drobnymi gu- 
zkami lub bez nich. Przestrzeń między żeberkami posiada drobne po- 
przeczne, mniej lub więcej wyraźne prążki przyrostowe, które tworzą 
delikatną, charakterystyczną rzeźbę. 


Ekologia. — Gatunek euryhaliczny płytkowodny, żyjący na głębo- 
kości do 30 m. 


Rozmieszczenie geograficzne. — Od północnych wybrzeży Skandy- 
nawii do Morza Śródziemnego i Czarnego. 
Występowanie w stanie kopalnym. — Osady plejstoceńskie i wcze- 


sno-holoceńskie krajów, leżących u południowo-wschodnich wybrzeży 
Morza Północnego. 


Uwagi. — Gatunek o wielkiej zmienności. Czasem brak rzeżby mię- 
dzyżeberkowej, a nawet guzków i kolców. Formy zupełnie gładkie wy- 
stępują w wodzie półsłonej. 


Rodzina Veneridae 
Rodzaj Paphia Bolten, 1798 
Paphia aurea senescens (Cocconi) 
(pl. IV, fig. 3-5) 
1908. Tapes aureus var. eemiensis Nordmann; V. Nordmann, Molluskifaunaen..., 
p. 56, fig. 6. 


1934. Tapes senescens Dóderlein; Ad. S. Jensen % R. Sparck, . Saltvandsmuslin- 
ger... p. 122, fig. 105, 
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1942. Paphia aurea senescens (Cocconi); C. O. Regteren Altena, Nogmaals..., 


p. 41-72. 
1943. Venerupis senescens (Cocconi); T. Benthem Jutting, Mollusca.., p. 278, 
fig. 102. 
Materiał. — Wybrano wielką ilość egzemplarzy; od osobników naj- 


młodszych, nieuszkodzonych, długości 1 mm, do okazów dochodzących 
do 15 mm. Poza tym znaleziono część skorupek z zawiasami, lub tylko 
fragmenty osobników dorosłych, z zachowaną rzeźbą zewnętrzną, utwo- 
rzoną przez koncentryczne prążki przyrostowe. 

Opis. — Skorupka owalna, lekko wypukła. Tył wydłużony. Szczyt 
wysoki, lekko zgięty i przesunięty ku przodowi. Skorupka gruba, z głę- 
bokimi, koncentrycznymi bruzdkami przyrostowymi. Zawias pod szczy- 
tem posiada w obu skorupkach promieniście rozchodzące się 3 zęby 
główne. Osobniki młode, długości I mm (pl. IV, fig. 3), mają skorupkę 
prawie okrągłą, z lekko wyniesionym szczytem. Powierzchnia jej jest 
biała, połyskująca, z bardzo delikatnymi prążkami przyrostowymi. Za- 
wias posiada już wykształcone 3 zęby główne. 

Uwagi. — Jest to plejstoceńska odmiana dziś żyjącego gatunku Pa- 
phia aurea aurea Gmelin, który występuje w wodach Europy zachodniej 
i w Morzu Śródziemnym. Forma kopalna znana z osadów eemskich 
Holandii, północnych Niemiec i Danii craz z wysokich tarasów morskich 
facji koło Bruges w Belgii. Poza tym znajdowany w utworach plejsto- 
ceńskich Italii. 


Rodzina Mactridae 
Rodzaj Spisula Gray, 1837 
Spisula subtruncata (Da Costa, 1778) 
(pl III, fig. 3, 4) 


1878. Mactra subtruncata Da Costa; G. O. Sars, Mollusca Regionis.., p. 72-73. 
1934. Spisula subtruncata (Da Costa); Ad. S$. Jensen 6: R. Sparck, Saltvandsmus- 
linger..., p. 158-159, fig. 143. 
1943. Spisula subtruncata (Da Costa); T. Benthem Jutting, Mollusca.., p. 300-304, 
fig. 109. 
1958. Spisula subtruncata (Da Costa) var.; T. Sorgenfrei, Molluscan assemblages..., 
p. 114-117, pl. 19, fig. 57 a-c. 


Materiał. — 9 mniej lub więcej uszkodzonych skorupek. Zawiasy 
dobrze zachowane. Jedna skorupka jest całkowita, długości 2 mm i sze- 
rokości 1,5 mm. 

Opis. — Skorupka lekko wzdęta, trójkątno-owalna. Zaokrąglony ko- 
niec przedni jest krótszy niż klinowaty koniec tylny. Brzeg brzuszny 
łukowato zakrzywiony, brzeg grzbietowy z obu stron szczytu bardzo 
spadzisty, szczyt nieco wystający. Każda skorupka ma 2 zęby główne 
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pod szczytem, a po bokach po jednym zębie bocznym. Kolor skorupki 
biały, z delikatnymi koncentrycznymi prążkami przyrostowymi. 

Uwagi. — Sorgenfrei (1958) podaje bardzo bogatą synonimikę tego 
gatunku i podkreśla jego wielką zmienność. Skorupki znalezione przez 
tego autora w miocenie Danii różnią się trochę od formy typowej, lecz 
nie wykazują, jego zdaniem, poważnych różnic obiektywnych. Wobec 
tego uważa on, że nie ma podstawy do utworzenia nowej nazwy gatun- 
kowej dla kopalnych skorupek z miocenu Danii. 


Ekologia. — Gatunek żyjący w morzach o pełnym zasoleniu, czasem 
jednak spotykany w środowisku o obniżonej zawartości soli do 12%w. 
Jest to składnik zespołu płytkowodnej fauny, występującej na głębo- 
kości od 5 do 40 m. 

Rozmieszczenie geograficzne. — Zachodnia część Bałtyku, Morze 
Północne, wybrzeże Europy zachodniej, Ocean Atlantycki po Wyspy 
Kanaryjskie i Morze Śródziemne. 


Występowanie w stanie kopalnym. — Od oligocenu do postglacjału 
Europy. 


Rodzina Semelidae 
Rodzaj Abra (Leach) Lamarck, 1818 
Abra ovata (Philippi, 1836) 
(PINVSLE M2) 
1934. Syndosmya (Lutricularia) ovata Philippi; Ad. S. Jensen % R. Sparck, Salt- 


vandsmuslinger... p. 140-141, fig. 124. 
1952. Abra ovata (Philippi); W. I. Żadin, Molluski.., p. 357, fig. 336. 


Materiał. — Znaleziono dość liczne fragmenty z zachowanym zawia- 
sem. 
Opis. — Szczyt leży w środku skorupki. Pod nim widoczne są w le- 


wej skorupce jeden ząb główny i po jego lewej stronie trójkątne wgłę- 
bienie na ligamentum. Prawa skorupka posiada 2 zęby główne leżące 
obok siebie, a po prawej stronie znajduje się wgłębienie, gdzie przy- 
czepia się ligamentum. W części przedniej i tylnej skorupki znajduje 
się po jednym zębie bocznym. 


Ekologia. — Gatunek chętnie przebywający w lagunach i wodach 
półsłonych. 
Rozmieszczenie geograficzne. — Morze Północne, wybrzeże Europy 


zachodniej, Morze Śródziemne, Adriatyk, Morze Marmara, Azowskie 
i Czarne. 


Występowanie w stanie kopalnym. — Osady eemskie Holandii, Danii 
i Niemiec. 
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Abra nitida (Miller, 1776) 
(PET ig5,6)9 


1878. Abra nitida Miiller; G. O. Sars, Mollusca Regionis.., p. 75. 

1934. Syndesmya nitida (Miiller); Ad. S. Jensen % R. Spirck, Saltvandsmuslin- 
ger... p. 142-148, fig. 128, 129, 

1943. Abra nitida Miller; T. Benthem Jutting, Mollusca.., p. 318-319, fig. 114. 

1957. Abra intermedia (Thompson); G. Spaink, Determinatie-tabel.., IV. 


Materiał. — Liczne połamane fragmenty, z zachowaną częścią za- 
wiasową. 

Opis. — W lewej skorupce jest jeden ząb główny po prawej stronie 
trójkątnego miejsca, gdzie przyczepia się więzadło, oraz 2 zęby bocz- 
ne — po jednym z każdej strony szczytu. Na przednim brzegu, tuż 
koło szczytu, widoczne jest wyraźne wzniesienie brzegowe. Prawa sko- 
rupka ma 2 zęby główne, leżące jeden obok drugiego, z lewej strony 
trójkątnego wgłębienia dla więzadła. Zęby boczne znajdują się po jed- 
nym z każdej strony skorupki. Obok szczytu, jak na lewej stronie, 
umieszczone jest wyrażne wzniesienie brzegowe. 

Rozmieszczenie geograficzne. — Zachodni Bałtyk, Morze Północne, 
wybrzeża Europy zachodniej i Morze Śródziemne. 


Występowanie w stanie kopalnym. — Osady interglacjalne i post- 
glacjalne Europy. 


Rodzaj Scrobicularia Schumacher, 1816 
_ Scrobicularia plana (Da Costa, 1778) 
(pl. V, fig. 3) 


1872. Scrobicularia piperata Gmelin; H. A. Meyer 8. K. Móbius, Die Prosobranchia..., 
p. 106-108, fig. 1,3-5 na pl. obok p. 108. 

1913. Scrobicularia piperata Gmelin; O. Buchner, Einfiihrung..., p. 87, fig. 91, fig. 4. 

1934. Scrobicularia plana Da Costa; Ad. S. Jensen 8: R. Sparck, Saltvandsmuslin- 
ger.., p. 138-139, fig. 132. 

1943. Scrobicularia plana Da Costa; T. Benthem Jutting,  Mollusca.., p. 312-315, 


fig. 112. 
Materiał. — 6 fragmentów z zachowanym szczytem skorupki oraz 
widocznym zawiasem. 
Opis. — Znalezione ułamki należą do lewych skorupek. Widoczny 


jest jeden ząb główny. Po jego lewej stronie znajduje się trójkątne wgłę- 
bienie, gdzie przyczepia się ligamentum. 
Ekologia. — Żyje na dnie szlamistym, na głębokości 0-40 m. 
Rozmieszczenie geograficzne. — Wschodnia część Oceanu Atlantyc- 
kiego, Morze Północne (Skagerrak i Kattegat aż po zatokę Kilońską), 
wybrzeża Europy zachodniej po Marokko i Morze Sródziemne. 
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Występowanie w stanie kopalnym. — Pliocen i plejstocen Holandii, 
Danii, Niemiec i Polski. 


Rodzina Tellinidae 
Rodzaj Gastrana Schumacher, 1817 
Gastrana fragilis (Linnć, 1758) 


1934. Gastrana fragilis (Linnć); Ad. S. Jensen % R. Sparck, Saltvandsmuslinger..., 
p. 43%, „Fig 122: 

1957. Gastrana jragilis (Linne); G. Spaink, Determinatie-tabel..., 

Materiał. 
sową. 

Opis. — Fragment skorupki biały, połyskujący, prążki przyrostowe 
bardzo delikatne. Zawias prawej skorupki ma 2 zęby główne, zawias 
lewej — 1 rozdwojony ząb główny; bocznych zębów brak. 


3 fragmenty bardzo młodych skorupek, z częścią zawia- 


Ekologia. — Zamieszkuje urozmaiconą strefę przybrzeżną do 100 m. 
Znosi wahania zasolenia. 


Rozmieszczenie geograficzne. — Atlantyckie wybrzeże Europy za- 
chodniej i Morze Sródziemne. 


Występowanie w stanie kopalnym. — Pliocen i eem Holandii, Nie- 
miec i Danii. 


Rodzaj Macoma Leach, 1819 
Macoma baltica (Linnć, 1758) 
(pl. II, fig. 5) 


1872. Tellina baltica Linnć; H. A. Meyer % K. Móbius, Die Prosobranchia..., 
p. 101-103, fig. 14-16 na pl. obok p. 96. 

1878. Macoma baltica (Linnć); G. O. Sars, Mollusca Regionis.., p. 77. 

1913. Telina baltica Linnć; O. Buchner, Bińtuhrung..., p.'87, pl 28 Lig. 5: 

1934. Macoma baltica (Linnć); Ad. S. Jensen % R. Sparck, Saltvandsmuslinger.., 
p. 128-130, fig. 111,112. 

1943. Macoma baltica (Linnć); T. Benthem Jutting, Mollusca..., p. 325-331, fig. 118. 

1948. Macoma baltica (Linnć); Z. A. Fiłatowa, Bivalvia.., p. 440, pl. 111, fig. 3. 

1952. Macoma baltica (Linnć); W. I. Żadin, Molluski.., p. 356, fig. 335 K. 

1957. Macoma baltica (Linnć); J. Urbański, Krajowe ślimaki... p. 251, fig. 246. 


Materiał. — Skorupki nieliczne, uszkodzone, lecz z zachowaną częś- 
cią zawiasową, o wymiarach dochodzących do około 18 mm długości. 

Opis. — Kształt skorupki z przodu jajowato zaokrąglony, z tyłu za- 
ostrzony. Powierzchnia delikatnie, koncentrycznie prążkowana. Na brze- 
gu zawiasowym każda skorupka ma dwa zęby główne, z których jeden 
jest lekko rozdwojony. W prawej skorupce tylny ząb jest większy od 
poprzedniego, w lewej — ząb przedni jest większy od tylnego. 
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Ekologia. — Forma żyjąca dzisiaj w litorale i sublitorale, na piasz- 
czystych i mulistych dnach, obfitujących w butwiejące szczątki orga- 
niczne. Jest ona gatunkiem euryhalicznym, dla którego minimum kon- 
centracji soli wynosi około 2%v (Benthem Jutting, 1943, p. 327). 

Rozmieszczenie geograficzne. — Jest formą kosmopolityczną na pół- 
kuli północnej: Bałtyk, Morze Północne, wybrzeża północnej części 
Oceanu Atlantyckiego do Wysp Kanaryjskich, Morze "ARA i Ocean 
Spokojny od wysp Japońskich do Kalifornii. 


Występowanie w stanie kopalnym. — Osady interglacjalne i postglac- 
jalne Danii, Holandii, Niemiec i Polski. 


Rodzina Aloididae 
Rodzaj Aloidis Megerle von Miihlfeld, 1811 
Aloidis gibba (Olivi, 1792) 
(Pl VEFtroeR 526 0,2D) 


1872. Corbula gibba Olivi; H. A. Meyer 8 K. Móbius, Die Prosobranchia..., p. 114- 
116) tg71, "37498 9pl. 0606 py TŻ: 

1878. Corbula gibba Olivi; G. O. Sars, Mollusca Regionis.., p. 91. 

1913. Corbula gibba Olivi; O. Buchner, Einfiihrung..., p. 89, pl. 24, fig. 6. 

1934. Corbula gibba Olivi; Ad. S. Jensen % R. Sparck, Saltvandsmuslinger, 
p. 171-172, fig. 156. 

1943. Aloides gibba (Olivi); T. Benthem Jutting, Mollusca..., p. 369, fig. 130. 

1958. Varicorbula gibba (Olivi); T. Sorgenfrei, Mollusca.., p. 129, pl. 23, fig. 69 a-g. 


Materiał. — Liczne skorupki są w większej części uszkodzone, jed- 
nak z całkowicie zachowanym brzegiem zawiasowym. Nieuszkodzonych 
połówek skorup jest 34; długość ich wynosi od 1,5 do 6,0 mm. 

Opis. — Muszla nierównoskorupowa: prawa większa, lewa mniejsza. 
Przedni brzeg zaokrąglony, tylny wyciągnięty w kształcie dzioba, z dwo- 
ma tępymi kilami. Wierzchołki nadęte. Prążkowanie wyrażne, regu- 
larnie koncentryczne. W prawej skorupce znajduje się jeden silny, za- 
krzywiony ząb główny, lewa natomiast ma jeden pofałdowany ząb 
główny. 

Uwagi. — Okazy współczesne pochodzące z Morza Północnego mają 
większe wymiary skorupek, sięgające 12 mm, i grubszą skorupkę. 
Linie przyrostowe wyraźnie grubsze. 

Ekologia. — Gatunek eurybatyczny, żyjący na głębokości 0-300 m, 
na dnie mulistym i piaszczystym. 

Rozmieszczenie geograficzne. — Zachodnia część Bałtyku (Zatoka 
Kilońska), Morze Północne, Ocean Atlantycki do szerokości wysp Ka- 
naryjskich, Morze Śródziemne i Morze Marmara. 


276 IRENA BRODNIEWICZ 


Występowanie w stanie kopalnym. — Od oligocenu do plejstocenu 
Europy. 


Zakład Paleozoologii 
Polskiej Akademii Nauk 
Oddział w Poznaniu 
Poznań, listopad 1959 r. 
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IRENA BRODNIEWICZ 


EEMIAN MARINE MOLLUSCS FROM A BORING IN BRACHLEWG (POLAND) 


Summary 


A description is given of Eemian molluscs from the bore-core in Brachlewo 
near Kwidzyń (fig. 1 on p. 238). Grey-greenish silty marls, 2. 3 m thick, occur at 
a depth of 50.4 m, together with other abundant mącro- and microfossils. Among 
the microfossils, foraminifers are the most numerous, the genera Nonion and Elphi- 
dium being particularly abundant, with the predominance of "Rotalia" bLeccarii. The 
absence of arenaceous and planktonic forms is conspicuous. Ostracods are rather 


EEMSKIE MIĘCZAKI MORSKIE 279: 


numerous too. Other fossils here encountered are: skeletal plates, madreporous 
plates, spines and fragmentary skeletons of Asteroidea, also chelae of Crustacea 
Decapoda and fragmentary shells of Balanus sp. 

Molluscs are the most numerous fossils within the studied assemblage. A great 
number of shells have been recovered from the collected sample (ca. 0,7 cubic 
metre in volume) which have been referred to 30 species of marine bivalves and 
gastropods. Among these, 16 species have already been previously described from 
Eemian deposits of the lower Vistula region, while 14 species are for the first 
time being reported from Poland. Thus the number of Eemian mollusc species 
so far identified in Poland now comprises 36 species (see table = tabela 1 on 
p. 237). 

This assemblage has been divided up into two groups according to their 
state of preservation and the numerical abundance of the various growth stages. 
One group comprises species represented by a great number of specimens of 
various age and, on the whole, satisfactorily preserved, the other group includes 
species sparcily represented by specimens that are either damaged or fragmentary. 

Table 4 (p. 244) has been drawn up on this taphonomic basis, with a view to 
determine the specific composition of the Eemian biocoenosis. The distribution of 
specimens is shown in this table according to the state of preservation. Those 
with valves well preserved or only slightly damaged are placed in columns 3 and 
4; they had most likely lived in situ, all within the same biocoenosis. Species 
contained in columns 5 and 6 are with valves strongly damaged or only fragmen- 
tarily preserved and have most probably been transported from the adjacent 
biotopes. 

In order to obtain fuller details concerning the temperature, bathymetric and 
salinity conditions prevailing in the environment of the studied fauna, the writer 
started out from the standpoint that the life requirements of the Eemian species 
closely resembled those of the same today living species. 

The geographical zone in which an analogous mollusc assemblage may be now 
encountered is first discussed (table 1). The statistical method used by the writer 
is that of the American authors Schenk and Myra Keen (1940) applied during 
investigations of recent East Pacific molluscs and of those from the Pleistocene 
of California. The distribution range of the here studied Eemian molluscs has 
been indicated with reference to parallels of latitude. Table 2 (p. 241) gives these 
latitudes with reference to the distribution range of living species, together with 
respective mean distribution range. Table 3 (p. 242) shows the occurrence frequency 
of particular species in corresponding mean latitudes. The mean latitude of the 
mean geographical range for the whole assemblage is 48”N. Hence the studied 
fauna corresponds to that now living off the south-western shore of the Bretonnian 
peninsula, i.e. the northern part of the Lusitanian province. Moreover, this is 
confirmed by the presence, within freshwater deposits underlying marine marls, of 
the freshwater form Belgrandia marginata Mich. (pl. I, fig. 10). The northern 
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boundary of its distribution range is indicated by the July 18? isotherm, running 
approximatically south of 48'N. 

Conclusions regarding the salinity of sea water, in which the studied fauna 
had lived, are based on data given in table 5 (p. 245), and those contained in 
a paper by Meyer and Móbius (1872) concerning the distribution of molluscs in 
the Kiel bay. The salinity there was reduced, being however not lower than 
15-20%0. This is likewise suggested by the reduced dimensions of the molluse 
shells and their thinness. 

Table 6 (p. 246) deals with bathymetric conditions. It shows the bathymetrice 
distribution of some of the species present in the fossil biocoenosis. Considerations 
leading to the determination of the vertical range for this biotope reasonably 
suggest that the studied assemblage had lived in a shallow sea, not below the lower 
limit of the sea meadows. 

The Lusitanian mollusc assemblage from the marine marls of Brachlewo is by 
the writer referred to the Eemian stage and correlated with the rich list of 
bivalves and gastropods reported by Spaink (1958) from the Eemian beds of Holland. 
The distinct specific impoverishment of the Brachlewo fauna is due to reduced 
salinity in the eastern gulf of the Eemian sea, and to the physical character of 
the sea floor there. 

The part on systematics contains a description of all the marine molluscs from 
Brachlewo. Individual and ontogenetic variability has been considered in the 
case of species whose various development stages are sufficiently numerous 
and well preserved to enable biometric studies. A great number of specimens 
have been measured for maximum height and width of shells, and for maximum 
height and width of shell apertures, with a view to analyse their variability, in 
successive growth stages. On this ground the just mentioned characters have been 
correlated as follows: 1) correlation of the maximum height and width of shell, 
and 2) correlation of the maximum height and width of shell aperture. 


EXPLANATIONS OF FIGURES 


Fig. 1 (p. 238) 
Sketch map of the lower Vistula region. 


Fig. 2 (p. 252) 
Correlation of height and width of shell (—) and of the height and width of 
shell aperture (- - -) in Rissoa inconspicua Alder. 


Fig. 3 (p. 254) 
Successive ontogenetic stages in Bittium reticulatum (Da Costa). 


Fig. 4 (p. 255) 
Correlation of height and width of shell (—) and of height and width of shell 
aperture (- --) in Bittium reticulatum (Da Costa). 


LAMA 2.113 
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Fig. 5 (p. 258) 
Correlation of height and width of shell (—) and of height and width of shell 
aperture (- - -) in Chrysalida spiralis (Mont.). 


Fig. 6 (p. 260) 
Correlation of height and width of shell (—) and of shell aperture (- --) in 
Odostomia pallida (Mont.). 


Fig. 0 (b.-261) 
Heterostrophic protoconch in Odostomia unidentata (Mont.). 


Fig. 8 (p. 262) 
Correlation of height and width of shell (—) and of shell aperture (- --) in 
Eulimella nitidissima (Mont.). 


Fig. 9 (p. 263) 
Smooth protoconch in Nassarius reticulatus (L.). 


Fig. 10 (p. 264) 
Correlation of height and width of shell (—) and of shell aperture (---) in 
Nassarius reticulatus (L.). 


Fig. 11 (p. 268) 
Shell of a young individual Ostrea edulis L. with smooth, bright protoconch. 


UMPS9HA BPOJHERUH 


OSMCKME MOPCKME MOJLIIOCKA M3 BYPEHMH B BPAXZJEBE (IIOJIBIUA) 


Pezrwme 


B paóore onncaHa cbayHa MOpCKUX MOJJIIOCKOB U3 39MCKUX MepreJleń, M3 Óypo- 
BOŃ CKBAJXMHBI B BpaxjieBe OJIU3b KBUĄ3bIHA. CoqepzkuT OHa 30 RBUNOB ÓpkoxX0- 
HOTAX M HJIACTUHUATOZXAOEDHbIX, B TOM UMCJIE 15 BUNOB HOBbIX JIA NJIEACTONEHA 
IHonbiuu. | 

Obcyzx1eHo oóuyie BOIDOCHI, KaCaloLiueCA yCJIOBUŃ CYLIECTBOBAHUA MUZYHCHHEIX 
MOJNIIOCKOE, A UMEHHO rIaJreoreorpachnio, OMOHNEHOTUUECKME COOTHOLIEHUA, COJIC- 
HOCTŁ M 6aTuMeTpuuecKkKiMe YCJIOBHA. KpoMe Toro HpoBe4cHO CpaBHeHMC 35MCKOJ 


chayńbi BpaxJjeBa c (bayHOń TOrTo żzke BeKa TOIIAHĄNU. 


B cmcTeMaTuUeCKOi HACTM ĄAHO OHUCAHME OTĄCJBHbBIX BUĄOB, YHMTPIBAA, KOLTĄa 


"a 9TO IIO3BOJIAeT MaTepMaJI, MX MHIUBMIYAJIPHYIO UZMEHHUMBOCTb. 
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OBJAŚNIENIA DO PLANSZ 
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Rissoa inconspicua Alder. 

Rissoa interrupta var. bifasciata Sars. 

Odostomia unidentata (Mont.). 

Hydrobia stagnalis (Bast.). 

Rissoa membranacea (Adams). 

Odostomia pallida (Mont.). 

Bittium reticulatum (Da Costa). 

Lacuna divaricata Mont., fragment skorupki (fragment of shell). 
Belgrandia marginata (Mich.), forma słodkowodna (freshwater form). 
Hydrobia ulvae (Penn.). 

Littorina littorea (L.) skorupka młodego osobnika (shell of a young indi- 
vidual). 

Clathrus clathrus (L.). 


150, JB! 


. 1. Diaphana minuta (Brown), skorupka młodego osobnika (shell of a young 


individual). 


Ha w 


. 2. Cardium edule L., prawa skorupka (right valve). 

. 3. Chrysalida spiralis (Mont.). 

. 4. Eulimella nitidissima (Mont.). 

. 5, Macoma baltica (L.), prawa skorupka (right valve). 

. 6. Nassarius reticulatus (L.). 

. 7. Cardium paucicostatum Sow., fragment skorupki (fr. of shell). 


PIZAUE 


. Mysella bidentata (Mont.): 1 lewa skorupka (left valve), 2 a, b prawa 


skorupka (right valve). 


. Spisula subtruncata (Da Costa): 3 lewa skorupka (left valve), 4 prawa 


skorupka (right valve). 

Abra nitida Miller: 5 prawa skorupka (right valve), 6 fragment lewej 
skorupki (fr. of left valve). 

Mitilus edulis L., fragment skorupki (fr. of shell). 

Cardium exiguum Gmel., fragment skorupki (fr. of shell). 


FISRY, 


Ostrea edulis L., skorupka młodego osobnika (shell of a young individual). 
Paphia aurea senescens (Cocc.): 2 prawa skorupka młodego osobnika 
(right valve of a young individual), 3 lewa skorupka (left valve), 4, 5 pra- 
we skorupki (right valves). 


Brevi 


Abra ovata (Philippi): fragment prawej (1) i lewej (2) skorupki (fr. of 
right and left valves). 

Serobicularia plana (Da Costa), fragment skorupki (fr. of shell). 
Brachyodontes lineatus (Gmel.), fragment skorupki (fr. of shell). 


Aloidis gibba (Olivi): 5 lewa skorupka (left valve), 6 prawa skorupka 
(right valve). 
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